
I 
< 

Prepared for the 
GEORGE C. MARSHALL 
SPACE FLIGHT CENTER 
Huntsville, Alabama 

! 
I 
! 

I 

I 

I 

0 

~~ 

I i 

I 

i 

31 August 1973 

Contract No. NAS 8-14000 
MSFC No. MSFC-DRL-O08A, Line Item 161 

* 

IBM NO. 73W-00253 

SUNFALL MONITOR DESIGN STUDY 
- -- 

_.. 

- - . ... Volume II - SYSTEM SPECIFICATIONS . I  

r ? - c . -  . _ _ _  , _ _  (NASA-CR-161106) SUNFALL XONITOR D E S I G N  N79-74138 , -  

STUDY. VOLUME 2: SYSTEM SPECIFICATIONS 
(IBM Federal Systems Div.) 121 p Unclas 

00/44 15870 



Prepared for the 
GEORGE C. MARSHALL 
SPACE FLIGHT CENTER 
Huntsville, Alabama 

31 August 1953 

Contract No. NAS 8-14000 
MSFC No. MSFC-DRL-O08A, Line ttem 161 
IBM NO. 73W-00253 

SUNFALL MONITOR DESIGN STUDY 
i 

-1 
. 

.- 

- . .. Volume II - SYSTEM SPECIFICATIONS 

Classification and Content Approval 
! 

I , 

- Data Manager Approval 

Program Office Approval 

.. c 

E B N F e d e r a l  Systems Division, Electronics Systems Center/HuntsviIle, Alabama 



APPENDIX 

A 

B 

C 

VOLUME I1 

TABLE OF CONTENTS 
- 

PAGE 

Data Management Subsystem 

A - 1  Summary ................................... A-2 

A-2 

Trade  O f f  S t u d i e s  .............................. A - 1  

S tudy  o f  Data Sampling Rate f o r  
D i g i t a l  I n t e g r a t i o n  of  S u n f a l l  Data ...... A-5 

A - 3  I n i t i a l  Trade O f f  S tudy  ................... A - 1 3  

A-4 F i n a l  Trade O f f  S tudy  .................... A-48 

S o l a r  Tracker Subsystem Vendor 

B - 1  Vendor E v a l u a t i o n  ........................ B-'2 

B - 2  Vendor S e l e c t i o n  ......................... B - 2  

S e n s o r  C h a r a c t e r i s t i c s  ......................... C - 1  

E v a l u a t i o n  ..................................... B - 1  

c-1 Summary .................................. C - 2  

iii 



F I GURE 

A . 2 - 1  

A . 2 - 2  

A.2-3 

A . 2 - 4  

A . 3 - 1  

A . 3 - 2  

A.3-3 

A. 3 -4  

A.3-5 

A.3-6 

A. 3-7 

A.3-8 

A.3-9 

A. 3-10 

A.4-1 

A . 4 - 2  

A.4-3 

A.4-4 

A.4-5 

A.4-6 

A.4-7 

VOLUME I1 

LIST OF ILLUSTRATIONS 

PAGE 

T r a p e z o i d a l  I n t e g r a t i o n  ......................... A-7 

Pyranometer  Output  June 2 7 ,  1971 
Newport, Rhode I s l a n d  ........................... A-10 

Enlargement  of 5:00 t o  5:30 PM Data 
On F igure  A . 2 - 2  ................................. A - 1 1  

P e r c e n t  E r r o r  Versus Sample Rate ................ A - 1 2  

Analog In tegra t ion /FM Recording ................. A-15 

Analog I n t e g r a t i o n / l  Track D i g i t a l  Recording .... A-16 

Analog I n t e g r a t i o n / D i g i t a l  Cassette Recording ... A-17 

A/D Conversion/7 Track D i g i t a l  Recording ........ A-18 

A/D Conver s ion /Dig i t a l  Cassette Recording ....... A-19 

FM Telemetry t o  Computer F a c i l i t y  ............... A - 2 0  

On-S i t e  C a l c u l a t o r / P r i n t e r  ...................... A - 2 1  

D i g i t r e n d / 7  Track D i g i t a l  Recording ............. A - 2 2  

D i g i t a l  Te lemet ry  t o  Computer F a c i l i t y  .......... A-23 

Weather Measure D i g i t a l  Data Logger ............. A-24 

Es t e r l ine  Angus Model D-2020  D i g i t a l  
Data Logger ..................................... A-51 

F u n c t i o n a l  Elements  o f  D-2020 ................... A-52 

Weather Measure M731-M9 D i g i t a l  Logger .......... A-61 

Kaye System 8000 D i g i t a l  Data Logger ............ A-67 

Metrodata  DL 620 Modular Data 
A c q u i s i t i o n  System .............................. A-75 

Metrodata  DL 620/9 Track System .- 

Block Diagram ................................... A-76 

Date1 LPS-16 D i g i t a l  Data Logger ................ A-82 
z 

. .  



FIGURE 

VOLUME I1 

LIST OF ILLUSTRATIONS 

PAGE 

A.4-8 Functional Block Diagram of Date1 

A.4-9 Metrodata DL 620 Modular Data 

................................ A-83 LPS-16 Data Logger 

Acquisition System ................................ ~ - 9 6  

Block Diagram ..................................... ~ - 9 7  
A.4-10 Metrodata DL 620/Cassette Tape System 

V 



TABLE 

A . 1 - 1  

A .  1 - 2  

A . 2 - 1  

A. 3-1 

A . 3 - 2  

A . 4 - 1  

A . 4 - 2  

c .1-1 

VOLUME I1 

LIST OF TABLES 

PAGE 

Data Management - I n i t i a l  Trade 
Off Summary ................................. A-3 

Data Management Subsystem - F i n a l  Trade 
O f f  Summary ................................. A-4 

Sampling Rate According t o  Sampling Theory .. A-8 

Data Management Subsystem - Trade  Off 
Opt ions  ..................................... A - 1 4  

Kennedy Model 1600-1610 S p e c i f i c a t i o n s  ...... A-32 

Data Management Subsystem S p e c i f i c a t i o n s  .... A-49 

Off Study ................................... A-50 
Data Management Subsystem - F i n a l  Trade 

Sensor  C h a r a c t e r i s t i c s  - Tracking  and 
Non-Tracking Assemblies  ..................... c-3  

i'+,.. .. - . 
- >  .., , . . .- 



APPENDIX A 

DATA MANAGEMENT SUBSYSTEM 

TRADE-OFF S'I'UDIES 

A- 1 



SECTION A - 1  

SUMMARY 

I n  o r d e r  t o  de t e rmine  which type  of  d a t a  management subsystem cou ld  
meet t h e  r equ i r emen t s  l i s t e d  i n  Table  2 . 2 - 1  most a c c u r a t e l y  and 
economica l ly ,  an i n i t i a l  t r a d e - o f f  s t u d y  was performed.  An 
impor t an t  i n p u t  t o  t h i s  i n i t i a l  s t u d y  was t h e  r a t e  a t  which t h e  
s e n s o r s  need t o  be sampled t o  a c h i e v e  a d e s i r e d  a c c u r a c y .  S e c t i o n  
A - 2  of t h i s  appendix e s t a b l i s h e s  t h e  s e n s o r  sample r a t e  of  once 
eve ry  t e n  seconds as t h e  r e q u i r e d  r a t e .  The r e s u l t s  o f  t h e  i n i t i a l  
t r a d e  o f f  s t u d y ,  as p r e s e n t e d  i n  Table  A . 1 - 1  and d i s c u s s e d  i n  
S e c t i o n  A - 3  of t h i s  appendix ,  was t h a t  an o f f - t h e - s h e l f  complete  
d i g i t a l  d a t a  l o g g e r  subsystem would b e s t  meet t h e  r equ i r emen t s .  
Tab le  A . 1 - 2  summarizes t h e  f i n a l  t r a d e  o f f  s t u d y  where d i g i t a l  d a t a  
l o g g e r  sys tems were compared. Th i s  s t u d y ,  as p r e s e n t e d  i n  S e c t i o n  
A - 4  o f  t h i s  appendix ,  r e s u l t e d  i n  t h e  c h o i c e  of an E s t e r l i n e  Angus 
model D - 2 0 2 0  d a t a  l o g g e r  system t o  meet a l l  of  t h e  r equ i r emen t s  
f o r  t h e  d a t a  management subsystem as p r e s e n t e d  i n  Table  2 . 2 - 1 .  
Th i s  s t u d y  a l s o  produced an a l t e r n a t e  d a t a  l o g g e r  sys tem,  t h a t  
cou ld  r e c o r d  f o r  f i v e  d a y s ,  a t  approximate ly  one -ha l f  t h e  c o s t  
of t h e  E s t e r l i n e  Angus sys tem.  
by Metrodata  Systems. 

Th i s  d a t a  logge r  i s  manufac tured  
. '  
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SECTION A-2 

i 

! 

STUDY OF DATA SAMPLING RATE FOR DIGITAL . 

INTEGRATION OF SUNFALL DATA 

A-2.0 PURPOSE 

The purpose  of t h i s  s t u d y  is  t o  de te rmine  an optimum d a t a  sample 
r a t e  f o r  da t a  r e c e i v e d  by t h e  S u n f a l l  Moni tor ,  s o  t h a t  t h e  d i g i t a l  
i n t e g r a t i o n  of t h i s  d a t a  w i t h i n  t h e  computer w i l l  p r o v i d e  an 
a c c u r a t e  o u t p u t .  

A - 2 . 1  CONCLUSION 

A sampling r a t e  of once eve ry  t e n  (10) seconds i s  recommended f o r  
d a t a  c o l l e c t i o n  from a l l  s e n s o r s  on t h e  S u n f a l l  Moni tor .  T h i s  
recommendation is based  upon t h e  i n f o r m a t i o n  p r e s e n t e d  i n  pa rag raph  
A-2.2 and t h e  a d d i t i o n a l  c o n s i d e r a t i o n s  l i s t e d  below: 

1. Even though c loud  movement may sometimes v a r y  
a t  a h i g h  f r equency ,  t h e  amount of ene rgy  
c o n t a i n e d  i n  a "spike" caused  by t h i s  movement 
can be  n e g l i g i b l e  i n  r e g a r d s  t o  t h e  t o t a l  i n t e g r a t e d  
o u t p u t .  

S k i p l i n g  a l l  s e n s o r s  a t  a r a t e  of once e v e r y  t e n  
seconds  and then  r e c o r d i n g  t h i s  d a t a  on an inc remen ta l  
t a p e  r e c o r d e r  can be accomplished w i t h  a v a i l a b l e  r e c o r d e r s  
and t a p e  l e n g t h s .  Being a b l e  t o  r e c o r d  each  channel  
of i n p u t  d a t a  a t  one sample every  t e n  seconds  w i l l  e l imi-  
n a t e  t h e  need f o r  expens ive  o n - s i t e  i n t e g r a t i o n  
hardware which would be r e q u i r e d  f o r  a sample r a t e  
of once eve ry  second,  s i n c e  sampling a t  t h i s  r a t e  
canno t  be r eco rded  w i t h i n  t h e  r e q u i r e d  time on 
a v a i l a b l e  r e c o r d e r s  and t a p e  l e n g t h s .  

The sample r a t e  of once e v e r y  t e n  seconds  w i l l  p r o v i d e  
a maximum p e r c e n t  e r r o r  of  less t h a n  one p e r c e n t  by 
u s i n g  t h e  t r a p e z o i d a l  i n t e g r a t i o n  p r o c e s s  as shown 
i n  e q u a t i o n  (A-1). 

2. 

3 .  

where: Ax= b - a  = t ime between samples  - n 
b-a  = l e n g t h  of t h e  i n t e g r a t i o n  p e r i o d  % - - 
n = eves number of sampies t a k e n  w i t h i n  

t h e  i n t e g r a t i o n  p e r i o d .  

f ( a )  s f(q) s # 

) f (Xn-1  - f ( b )  = s e n s o r  ou tpu t  v a l u e  a t  each  sample p5int. >. 
_ -  

I 
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A - 6  

F i g u r e  A . 2 - 1  g i v e s  a p i c t o r i a l  r e p r e s e n t a t i o n  of  t h e  i n t e g r a t i o n  
p r o c e s s  u s i n g  t h e  t r a p e z o i d a l  i n t e g r a t i o n  formula.  

A - 2 . 2  DESCRIPTION 

The sampling r a t e  o f  s o l a r  r a d i a t i o n  d a t a  i s  a f u n c t i o n  o f :  

1) fs = f requency response  of s e n s o r ,  and 

2)  fc  = f requency  response  o f  c loud  movement. 

The maximum f requency  response  of  p r e s e n t l y  i d e n t i f i e d  s e n s o r s  a re  
g iven  below: 

f s  (pyranometer)  = 3 cyc le s /minu te  [ l o  seconds  t o  go from 1 0 %  t o  90% 
f u l l s c a l e  

f ,  (py rhe l iome te r )  = 5 cyc le s /minu te  [ 6  seconds t o  go from 10% t o  90%] 
f u l l s c a l e  

f, ( s o l a r  c e l l )  = 500 cyc le s / second  [l m i l l i s e c o n d  t o  go from 0 %  t o ]  
1 0 0 %  f u l l s c a l e  

Data concern ing  t h e  f requency  response  of c loud movement was 
n o t  r e a d i l y  a v a i l a b l e ,  bu t  by o b s e r v a t i o n  and d i s c u s s i o n  with 
Mr. Walter Scholes  of Eppley L a b o r a t o r i e s ,  t h e  maximum f requency  
r e sponse  of c loud  movement was assumed t o  be about  7 .5  c y c l e s /  
minute  which is  f a s t e r  t han  the  f requency  response  of t h e  
pyranometer  and phyrhe l iome te r ,  b u t  n o t  t h e  s o l a r  c e l l .  

I n  o r d e r  t o  de te rmine  t h e  sampling r a t e  t o  be used i n  t h e  S u n f a l l  
Monitor  t h e  fo l lowing  items were t aken  i n t o  c o n s i d e r a t i o n .  
acco rd ing  t o  sampling t h e o r y ,  t h e  minimum sampling r a t e  shou ld  be 
tw ice  t h e  h i g h e s t  f requency  t h a t  w i l l  be sensed  by t h e  s e n s o r s .  
Th i s  means t h a t  t h e  sampling r a t e  should  be a t  l e a s t  twice t h e  
maximum f requency  response  o f  t h e  s e n s o r  ( f s )  O r  c loud  movement 
(f,) which e v e r  i s  t h e  s l o w e s t .  T h e r e f o r e ,  t o  o b t a i n  a c c u r a t e  
d a t a  from a pyranometer  t h e  minimum sampling r a t e  shou ld  be 6 
samples  p e r  minute  ( 2  samples  X 3 cyc le s /minu te )  o r  one sample 
every  1 0  seconds.  The minimum sampling r a t e  f o r  py rhe l iome te r  
d a t a  shou ld  be 1 0  samples  p e r  minute  ( 2  samples  X 5 cyc le s /minu te )  
o r  one sample eve ry  6 seconds.  
c e l l  shou ld  be de te rmined  by t h e  f r equency  response  of  t h e  c loud  
movement, s i n c e  i t s  f requency  response  i s  s lower  t h a n  t h a t  of t h e  
s o l a r  c e l l .  
movement i s  7.5 cyc le s /minu te ,  t h e  sampling r a t e  f o r  s o l a r  c e l l  
d a t a  would be 15 samples  p e r  minute  (2 samples  X 7 .5  cyc le s /minu te )  
o r  one sample eve ry  4 seconds.  T h i s  i n fo rma t ion  i s  summarized i n  
Table  A . 2 - 1 .  * -i 

F i r s t ,  

The minimum sampling r a t e  f o r  s o l a r  

S ince  t h e  assumed maximum f requency  r e sponse  of  c loud  

. - 
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I n  o r d e r  t o  e v a l u a t e  t h e  accuracy  of t h e  t e n  second sample r a t e ,  
t h e  o u t p u t  of a pyranometer ,  as shown i n  F igu re  A . 2 - 2  was ana lyzed .  
The recorded  o u t p u t  between 5:OO PM and 5:30 PM was e n l a r g e d  as 
shown i n  F igu re  A.2-3,  t o  a l low d a t a  a n a l y s i s  t o  be performed.  
Sample d a t a  p o i n t s  were manual ly  taken  over  t h e  t o t a l  t h i r t y  minute  
p e r i o d  f o r  ra tes  of 1, 2 ,  4 ,  6 ,  1 2 ,  20 and 30 samples  p e r  minute .  
By u t i l i z i n g  e q u a t i o n  (A-1) t h e  i n t e g r a t e d  a r e a  was de termined  
and compared w i t h  t h e  a r e a  determined by u s i n g  a p l a n i m e t e r  t o  
g i v e  t h e  p e r c e n t  e r r o r  as shown i n  F igu re  A . 2 - 4 .  

A - 0  
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A-3.0 S U b M R Y  

An i n i t i a l  t r a d e  o f f  s t u d y  was performed t o  de te rmine  t h e  type  
of d a t a  management subsystem t o  be used i n  t h e  S u n f a l l  Monitor .  
Table  A.3-1 l i s t s  t h e  d i f f e r e n t  t y p e s  of d a t a  management subsystems 
ana lysed .  O f  t h e s e  t e n  d i f f e r e n t  t y p e s ,  t h e  d i g i t a l  d a t a  l o g g e r  
was de termined  t o  be t h e  b e s t  system t o  meet S u n f a l l  Monitor  
r equ i r emen t s .  F i g u r e s  A.3-1 t o  A.3-10 r e p r e s e n t  b lock  diagrams of 
each  t y p e  of  d a t a  management subsystem ana lyzed  i n  t h i s  i n i t i a l  
t r a d e  o f f  s tudy .  

A-3.1 ANALOG INTEGRATION/ FM RECORDING 

The b lock  diagram of t h e  ana log  in t eg ra t ion /FM r e c o r d i n g  t e c h -  
n ique  i s  shown i n  F igu re  A.3-1. 
of d a t a  management subsystem a r e  p r e s e n t e d  below. 
d i s a d v a n t a g e s  of  t h i s  type of system a r e  c o s t ,  accu racy ,  long  
term s t a b i l i t y  and packaging.  There are  no major  advantages .  

A-3.1.1 S i g n a l  C o n d i t i o n e r s  

A) I n s t r u m e n t a t i o n  Ampl i f i e r  - Burr  Brown Model 3088/16 

The b a s i c  components of  t h i s  t y p e  
The major  

1) 1 0  Each 

Basis of  s e l e c t i o n :  Performance - good common mode 
r e j e c t i o n ,  a d j u s t a b l e  g a i n ,  good t e m p e r a t u r e / d r i f t  
s t a b i l i t y ;  e f f i c i e n t l y  packaged,  p r i c e d  below most 
c o m p e t i t i v e  a m p l i f i e r s  which u s u a l l y  have a h i g h e r  
slew r a t e  and h ighe r  f requency  response  which is 
unimpor tan t  f o r  t h i s  a p p l i c a t i o n .  

Inpu t  z = 5 x 1 0 1 1 Q ,  g a i n  1 t o  1100 v a r i a b l e .  

2) 

3) 

4)  Output: 410  Vdc, n o i s e  6 mv rms @ B  = 1100,  30pv @B= 1 

5)  Dimensions: 3.5 x 1.063 x 7.03 inches  

6) Temperature  range: 0 t o  60 deg rees  C 

7) Power r equ i r emen t s :  +15 vdc @+35 ma 

B) Powered Rack Adapter  - Burr Brown mode? SG6/16 

1) 1 Each 

The r a c k  w i l l  accommodate 1 0  of t h e  3088/16 a m p l i f i e r s  
and supp ly  necessa ry  power and i n t e r f a c e  connec t ions  1 
f o r  t h e  a m p l i f i e r .  

,2 1 

3) Inpu t :  105-125 V r m s  @ 50 t o  400 Hz 

Output  v o l t a g e :  415 Vdc @ 4100  MA r e g  t o  +0.1% 
lis? 

4)  

. .  -& . 
A - 1  7 
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Rack is standard 19 in. instrument rack x 3.5" high x 
approximately 12" -deep - - 

5) 

I I 
I 
I 
I i- --------- -I ' 

MODE 3 - 1  
1 -I .. Input 

0 - 1ov 
R1 TRM I I  

6 )  Temperature range: -25 degrees C to +70 degrees C 

Weight of rack + 10 amplifiers: 
pounds 

approximately 25 7) 

! I 

C) Calibration Module 

1) 1 Each 

2) The calibration circuit will upon command remove the 
input signal from the instrumentation amplifier and 
inject a signal equal to 10% or 100% o f  the full scale 
span. This will give a complete calibration operation 
check of the entire data management subsystem ex- 
clusive of the sensors. 

Input power will be supplied by long life mercury 
cell batteries which will be replaced annually. 

The calibration module will be packaged via one 
channel slot in the power rack. 

._ 

3) 

4)  

A-3.1.2 Analog Integrator 

.- . .  - ... . . . - _ .  _ _  __. . - -  -- . .. 
I . 

C 1TRM 
. . . .  . - . - ..- ..- . -  . . 4 .  

Component: Burr-Brown Research Corp (BB) 
Switched Integrator 
Xodel 4Oi3j25ji6 

' 1) 

Trade-off logic: Compatibility with other BB 
components, namely racks, 
amplifiers and multiplexers 

2) 

7.- _. _ I  

% 
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o Vo l t age  g a i n  -1 - S p e c i f i c a t i o n s :  3) 
R l C l  

o I n p u t  v o l t a g e  +1Ov . 

o I n p u t  impedance 10 KQ 

o 

o Output c u r r e n t  +20 ma 

Output v o l t a g e  + l o  v Max 

o Output impedance 0 . 1 ~  

o Output  n o i s e  1 mv rms 

o Output d r i f t  @ 25 d e g r e e s  
C + 0 . 2  mv/s 
7- 

o Output d r i f t  vs.  +1% P.S. 
1 .5  mv/s - 

C 

o Rack Mounted 

o 

o Weight 1 2 0  grams 

S i z e  6 1  x 46 x 15 .3  (mm) 
_ -  - - - - - -  - 

- 

~ - o Gain Accuracy a t  dc  max +0.1% FS 
- - o Input /Output  f eed th rough  e r r o r  

max +1 mv - - -  
o Requi res  e x t e r n a l  z e r o  c o n t r o l  - p o t  f o r  o f f s e t  v o l t a g e  a d j u s t m e n t  

.- - . 
_. .- 

o Output o f f s e t  v s .  temp + l o o  
pv/degree C vs P.S. +.4 mv/% 

,. .. - . . - .  . -..-..;. . 

o T i m e  c o n s t a n t  (To) must approximate  
100 t imes  t h e  p e r i o d  of t h e  lowes t  
i n p u t  f requency  component f o r  
proper  ave rag ing  

For a To of  6000 seconds ,  R 1  
could  be 1 megohm and C 1  c o u l d  
be 6000 uf  

o 

4) E x t e r n a l  r e s t s  t o r  and c a p a c i t o r :  

For  i n t e g r a t i o n  pe r iod  ef 1 minute: 
p r a c t i c a l )  

( l o n g e r  p e r i o d s  n o t  



o Gain would be =. - -1 = -0.00017 
- RlCl 

o Gain accuracy is determined by 
precision of R1 and C1 

Gain stability is determined by 
temp/drift characteristics of 
R1 and C1. 

o 

5)  Problem areas with analog integration for 1 minute 

o 
. .  

For 1% of accuracy of TO, capacitor and resistor 
trimmers must be utilized, with final adjustment 
performed during system checkout. 

Gain stability and accuracy of To is de endent on 
temperature characteristics of R 9 and 1 and the 
trimmers, and the stability of t e environmental 
control system. 

o E i 
o Errors in system. will be integrated along with 

input signal. 

A-3.1.3 Timer Control Unit 

The timer control unit was to be an internal IBM designed and built 
piece of hardware. 

- -  
- -  

1) TTL dips - chosen for cost, flexibility, ease of 
assembly and testing. 

2) Weight (pounds) : 

TTL - 0.25 

Wire - 2 - 0 0  - . _  

Boards - 0.75 

Sockets - 1.00 

Frame - 4 . 0 0  

Total 7 pounds 

3) Dimensions : 19" W x 12.6'' D x 2.7" H 

. -  

Power: 3 Watts at 2 5  VDC ,4 1 

A-27 
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A - 3 . 1 . 4  I R I G  Time Code Genera tor  

The Datametrics I R I G  time code g e n e r a t o r ,  model SP-175,  w i l l  p r o -  
v i d e  t h e  day ,  h o u r ,  minute ,  and second s i g n a l s  f o r  r e c o r d i n g  on 
t h e  magnet ic  t a p e  f o r  t h e  purpose of  time c o r r e l a t i n g  t h e  s o l a r  
r a d i a t i o n  d a t a .  

A-3.1.5 1 4  Track FM Tape Recorder  

Af t e r  rev iewing  t a p e  r e c o r d i n g  equipment made by Ampex, Hewlett 
Packard ,  and Sangamo, t h e  model FR2000 by Ampex and t h e  model 
3614  Sabre  I11 by Sangamo were reviewed i n  d e t a i l .  The f i n a l  
cho ice  of t h e s e  two r e c o r d e r s  was t h e  Sangamo r e c o r d e r  w i t h  t h e  
f o l l o w i n g  s p e c i f i c a t i o n s  : 

Tape Speed: 15/16 IPS 

Reel S i z e :  16 Inch  

Tape Width: 1 Inch  

Tape Length: 12,500 F t .  

I n p u t  S e n s i t i v i t y :  
ranges  w i t h  v e r n i e r  o v e r l a p  f o r  f u l l  d e v i a t i o n .  Three 
p o s i t i o n  s e l e c t o r ;  0 . 2  t o  1 5 .  V ;  1 . 5  t o  1 0 . 0  V ,  o r  
Test .  

0 . 2  t o  V rms; a d j u s t a b l e  i n  two 

Nominal Inpu t  Level :  1 . 0  V rms. 

Nominal Inpu t  Impedances : 
(1 .5 t o  1 0  V r a n g e ) .  
t o  1 . 5  V r a n g e ) .  
unbalanced t o  ground. 
b l e  on s p e c i a l  o r d e r .  

125,000 ohms r e s i s t i v e  
2 0 , 0 0 0  ohms r e s i s t i v e  (0 .2 

A l l  shun ted  by l e s s  t h a n  100  pF, 
Other  l o a d i n g  v a l u e s  ava i l a -  

DC D r i f t :  
o v e r  an 8 hour  p e r i o d  f o r  1 0  d e g r e e s  C a f t e r  15 minute  
warmup. 

DC L i n e a r i t y :  
d e v i a t i o n  r e f e r e n c e d  t o  b e s t  s t r a i g h t  l i n e .  

Less t h a n  20.5% of  peak- to -peak  d e v i a t i o n  

Less than  ?0 .5% o f  peak- to -peak  

T o t a l  Harmonic D i s t o r t i o n  (Al l  Speeds ) :  Less t h a n  
0 .5% f o r  f r e q u e n c i e s  laxer t h a n  O . l F c o  f o r  a l l  
I R I G  low i n t e r m e d i a t e ,  and wideband Group I ;  less 
t h a n  1 . 0 %  f o r  wideband Group 11. 

Output Level  ( F u l l  D e v i a t i o n ) :  A d j u s t a b l e  t o  1 . 0  V' 
rms nominal i n t o  75 ohms, w i t h  s h o r t  c i r c u i t  p r o t e c -  
t i o n .  (SCP).  



Output  Impedance: 50 ohms nominal ,  unbalanced t o  
ground w i t h  SCP. 

1 2 )  

Output  Squelch:  
from FM c a r r i e r  d e t e c t o r  o r  t r a n s p o r t  synchronous l o g i c .  

Automatic  f o r  a l l  speeds  and a c t i v a t e d  13)  

PHYSICAL CONFIGURATION 

S i z e :  
i n c h e s  deep.  A d d i t i o n a l  e n c l o s u r e  r e q u i r e d  (7 i n c h e s  
h igh )  f o r  a 1 4  channel  7 speed FM s w i t c h a b l e  r eco rd /  
reproduce  system. 

26 inches  h igh  by 19 i n c h e s  wide by 11 1 / 2  14)  

DC Power: Switchabl :  between 28 5 2  VDC and 2 4 ' + 2  VDC 
(15 and 16 i n c h  reels  n o t  a p p l i c a b l e  on 24  V D C ) :  
o p t i o n a l  DC power supp ly  f o r  o p e r a t i o n  from 47 t o  
440 H z  a t  105 t o  240  V ac. 

15)  

DC Power Supply S i z e :  
wide by 11 5 /8  i n c h e s  deep. 

7 i nches  h igh  by 1 9  i n c h e s  16)  

Weight:  Approximately 1 0 0  pounds. Op t iona l  DC power 
supp ly  weighs approximate ly  40 pounds.  

17)  

GENERAL 

18) Environment:  Designed f o r  l a b o r a t o r y ,  f i e l d  van ,  
s h i p b o a r d ,  automotive and a i r c r a f t .  

19 1 Temperature:  Opera t ing  Range 5' t o  50°C. 

20) Humidi ty:  5 t o  95% r e l a t i v e ,  non-condensing.  

A l t i t u d e :  30,000 f e e t  o p e r a t i n g :  70,000 f e e t  
non- ope r a t i n g  . 21) 

S t a n d a r d  Co lo r s :  F ron t  door  and c a b i n e t  - Ol ive .  
F r o n t  t r i m  and c a r d  f r o n t s  - Beige.  

221  

23) Accuracy:  1%. 

24) S i g n a l - t o - N o i s e  R a t i o :  41db. 

A - 3 . 2  ANALOG INTEGRATION/7 TRACK D I G I T A L  RECORDING 

The b l o c k  diagram of t h e  ana log  i n t e g r a t i o n / 7  t r a c k  d i g i t a l  r e c o r d i n g  
t e c h n i q u e  i s  shown i n  F igu re  A.3-2. 
l o n g  term s t a b i l i t y ,  and packaging.  The major  advantage i s  t h a t  
t h e  o u t p u t  i s  d i r e c t l y  computer compat ib le .  
of  t h i s  t ype  of d a t a  management subsystem a r e  p r e s e n t e d  below. 

The major d i sadvan tages  a r e  c o s t ,  

The b a s i c  components 

A - 3 . 2 . 1  S i g n a l  C o n d i t i o n e r s  (See Paragraph A-3.1.1) 

A-3.2.2 Analog I n t e g r a t o r  (See Paragraph  A-3.1.2) - 
.-. . 
A=?. ::. . _ '  . .: 



A-3.2.3 T i m e r  C o n t r o l  Unit  (See Pa rag raph  A - 3 . 1 . 3 )  

A - 3 . 2 . 4  D i g i t a l  Clock 

The Anadex model CK-610 d i g i t a l  c l o c k  was chosen t o  supp ly  a c c u r a t e :  
- 

time i n  days ,  h o u r s ,  and minutes .  - _  

A-3.2.5 A / D  Conver t e r  

A Date1  Systems A/D c o n v e r t e r ,  ADC-EHlOB,  w i t h  t h e  s p e c i f i c a t i o n s ,  
below w i l l  be  used  i n  t h i s  c o n f i g u r a t i o n .  

I n p u t :  0 t o  1 0  VDC 1) - -  
- - -  

2) Output :  TTL compat ib le  
- _ .  

3)  S i z e :  2" W x 3" D x 3/8" H 

Weight: 4 ounces 

Accuracy: + 1 / 2  LSB, +.OS% 

Power : .5 Watts a t  +15  VDC 
1 . 4  Watts a t  + 5 VDC 

4 )  

5) 

6 )  

Trade  O f f :  
exceeds  c a p a b i l i t i e s  of o t h e r  A/D c o n v e r t e r s  a t  lower 
c o s t .  

10 b i t  r e s o l u t i o n  f o r  accu racy ,  meets o r  7) 

A-3.2.6 TaDe I n t e r f a c e  

The t a p e  i n t e r f a c e  f o r  t h e  d a t a  management subsystem c o n f i g u r a t i o n  
was t o  be an i n t e r n a l  IBM des igned  and b u i l t  p i e c e  o f  hardware.  

TTL d i p s  - chosen f o r  c o s t ,  f l e x i b i l i t y ,  e a s e  -of 
assembly and t e s t i n g .  

1) 

Weight (pounds) : 2) 

TTL - ' 0 . 2 5  

Wire - 5.00 

Boards - 0.75  

S o c k e t s  - 1.00 

Frame - 4 . 0 0  

T o t a l  11.00 pounds 

Dimensions: 19" W x 12.6" D x 2.7" H 3) 

4 )  Power: 15 Watts a t  +5 VDC 

A- 30 
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A-3.2.7 7 Tra  k I n  r - menta l  Magnetic Tape R 

Three i n c r e m e n t a l  magnet ic  t a p e  r e c o r d e r s  were 

o r d e r  

reviewed f o r  p o s s i b l e  
These r e c o r d e r s  were t h e  Kennedy u t i l i z a t i o n  i n  t h i s  E o n f i g u r a i i o n .  

model 1 6 1 0 ,  P e r t e c  model 2 8 0 7 ,  and t h e  Cipher  model 100M. For t h i s  
p a r t i c u l a r  c o n f i g u r a t i o n  t h e  Kennedy model 1610 was chosen w i t h  t h e  
s p e c i f i c a t i o n s  a s  shown on t h e  Kennedy b u l l e t i n  IR-101/270. T h i s  
b u l l e t i n  i s  shown i n  T a b l e  A - 5 .  

A-3.3 ANALOG INTEGRATION/DIGITAL CASSETTE RECORDING 

The b l o c k  diagram of  t h e  analog i n t e g r a t i o n / d i g i t a l  c a s s e t t e  r e c o r d -  
i ng  t echn ique  i s  shown i n  F igu re  A.3-3. The major d i s a d v a n t a g e s  a r e  
c o s t ,  long  term s t a b i l i t y ,  and t h e  c a s s e t t e  change r .  There  are 
no major advan tages .  The b a s i c  components of t h i s  t y p e  manage- 
ment subsystem are  p r e s e n t e d  below, 

A-3.3.1 S i g n a l  C o n d i t i o n e r s  (See Paragraph  A-3.1.1) 

A-3.3.2 Analog I n t e g r a t o r  (See Paragraph  A-3.1.2) 

A-3.3.3 T i m e r  C o n t r o l  Uni t  (See Paragraph  A-3.1.3) 

A-3.3.4 D i g i t a l  Clock (See Paragraph A-3.2.4) 

A-3.3.5 A / D  Conver te r  (See Paragraph  A-3.2.5) 
. -  

A-3.3.6 Tape I n t e r f a c e  (See Paragraph  A-3.2.6) 

A-3.3.7 Buf fe r  B 

Th i s  b u f f e r  would be des igned  and b u i l t  by I B N  t o  a c c e p t  a time 
code and t e n  s e r i a l  words, where each word c o n t a i n s  t e n  b i t s  i n  
p a r a l l e l .  These would be s e r i a l i z e d  f o r  o u t p u t  t o  t h e  c a s s e t t e  
r e c o r d e r  v i a  t h e  t a p e  c o n t r o l l e r  u n i t .  T h i s  b u f f e r  can be b u i l t  
e a s i l y  and economica l ly  wi th  TTL d i p s  and mounted on t h e  t i m e r  
c o n t r o l  p a n e l .  Timing f u n c t i o n s  would be s u p p l i e d  by t h e  timer 
c o n t r o l  u n i t .  

A-3.3.8 TaDe C o n t r o l l e r  Uni t  

T h i s  u n i t  would be des igned  and b u i l t  by IBM t o  a c c e p t  t h e  time 
code and s e r i a l i z e d  d a t a  from b u f f e r  B f o r  o u t p u t  t o  t h e  a c t i v e  
c a s s e t t e  r e c o r d e r .  Once a c a s s e t t e  u n i t  i s  f i l l e d  up w i t h  d a t a  
t h e  t a p e  c o n t r o l l e r  u n i t  would a c t i v a t e  t h e  nex t  unused c a s s e t t e  
u n i t  and rou te  t h e  d a t a  t o  t h e  newly a c t i v a t e d  u n i t .  

A-3.3.9 Cassette Inc remen ta l  Magnetic Tape Recorder  

F ive  c a s s e t t e  i n c r e m e n t a l  magnet ic  t a p e  r e c o r d e r s  were reviewed f o r  
p o s s i b l e  u t i l i z a t i o n  i n  t h i s  c o n f i g u r a t i o n .  These r e c o r d e r s  were 
t h e  B e l l  and i iowell ,  Ampex model T M C - 1 ,  Kennedy model 330, 
E l e c t r o n i c  P r o c e s s o r s  model STR-2001, and t h e  Memodyne model 
UIW-101E.  
was chosen w i t h  t h e  f o l l o w i n g  s p e c i f i c a t i o n s :  

For t h i s  c o n f i g u r a t i o n  t h e  Memodyne model UIW-1O1E 
c 
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540 Wcsl Woodbury Road. Alladcncl. Calilornia 91001 (213) 798-0953 

SPECIFICATIONS/MODELS 1600/1610 
0 

GENERAL 

Write Rate: 

Density: 
Inter-Channel 
Displacement Error: 

Tape Format: 
Reel Size: 

Rewind Time: 

Tape Tension: 

GAPS AND MARKS 

Inter-Record Gap: 

File Gap: 

File Mark: 

Beginning of 
Tape Gap: 

Vertical Parity: 

Longitudinal Parity: 

I , 

0-300 charactershecond (0-500 charec- 
ters/second Model 1610) 

200, 556, 800 RPI 53% (specify one) 

200, 556 - 5200 microinches 
800 BPI - 5 150 microinches 
Ftrack, IBM compatible NRZl 
Model 1600 - 8(/2 inches 
Model 1610 - 10% inches, 
Winch standard computer tape 1.5 mil 
Model 1600 - less than 2 minutes 
Model 1610 - less than 3 minutes 
2 ounces 

% inch IRG automatically generated 
upon external command. IRG time is 
less than 180 ms at 200 BPI, 470 ms at 
556 BPI, and 550 ms at 800 BPI. 
Standard 3%-inch file gap automatical- 
ly generated upon external command or 
by front panel pushbutton. 
Standard binary 15 File Mark written at 
conclusion of file gap. File Mark is fol- 
lowed automatically by % inch Record 
gap. 
In loading operation, BOT marker is 
sensed and '/2 inch gap is automatical- 
ly inserted. 
Internally generated and recorded in 
track C. Odd or Even parity is selected 
by external level. 
Internally generated. LCC is written 
properly spaced from end of record. 

FRONT PANEL CONTROLS 

Load Fonvard: Automatically advances tape to load 
point and inserts BOT. After load op- 
eration, pressing this bulton causes tape 
to be advanced at 1000 steps per sec- 
ond. .a L- ; 

TABCE A. 3-2 

Kennedy Mode1 1600-161( 
Spe c i  f i ca t ions  

status upon passing Load Point marker. 
I f  READY button and LOAD FORWARD 
button are pressed simultaneously, 
Ready status is achieved without marker. 
Pressing this button causes a file gap 
lo be inserted. 
Initiates rewind motion. Rewind cannot 
be stopped until Load Point marker is 
reached, whereupon stop is automatic. 
Al l  controls are brought out for remote 
operation. 

File Gap: 

Rewind: 

Remote Controls: 

INTEAFACE REQUIREMENTS 

Inputs: Standard interface is DTL compatible 
with current sinking positive logic hav- 
ing a "one" level of +4V to f6V and 
a "zero" level of OV " 0 3 .  Al l  func- 
tions, except remote controls which' re- 
quire closures to ground, are initiated 
by "one" levels. "Zero" levels should 
be capable of sinking 5 ma. 
Outputs generated have "one" levels of 
4-5V t l V  with a source impedance of 
3K. Outputs wil l sink at least 10 ma. 
These lines may be modified to flOV 
by removing internal clamps. 
115/230VAC, 50/60 HZ, 150 VA 

outputs: 

Power: 

PHYSICAL REQUIREMENTS 

Size: 

Mounting: 
Weight: 

Finish: 

ENVIRONMENTAL 

Temperature: 

Humidity: 
Altitude: 

OPTIONS AVAILABLE 

1. Write Rate: 

2. Fast IRG: 
3. Negative Logic: 
4. Special Paint: 

Model 1600: 

Model 1610: 

Standard Retma Rack 
Model 1600: 

Model 1610: 

Charcoal Gray 

19" wide x 12%'' high x 10"deep 

19" wide x 24%" high x 10" deep 

40 Ibs. Shipping weight: 55 Ibs. 

70 Ibs. Shipping weight: 98 Ibs. 

FED STD 595-26440 

Operating: 0°C to 50°C 
Non-operating: -10% to 65°C 
15% to 95% non-condensing 
Operating: 20,000 11. 
Non-operating: 40,000 ft. 

0-500 characters/second (Mod. 1600), 
0-750 characters/second 
0-1 500 characters/second 
Less than 70 ms 

ACCESSORIES SUPPLIED WITH EACH RECORDER 

1. Mating Connector: 
2. Power Cord: 
3. 1 each Operation and Maintenance Manual 
4. Empty Take-up Reel Il..L * .  

'"For complete interface information send for Mack1 ffinfi Power: ON/OFF 
qeady: _ -  

Indicates that machine is ready to ac- 
cept data. Machine a c h b e r  ~ - 4 - r  

Interface ~~m - 
- _  



1. 

2 .  

3. 

4 .  

5 .  

6.  

7. 

8 .  

9. 

Mode 1 : 

D e s c r i p t i o n :  

Record Media : 

Number of Tracks :  

Recording d e n s i t y :  

Write speed:  

I n p u t  Power: 

P h y s i c a l  s i ze :  

Weight : 

UIW-1O1E 

U n d i r e c t i o n a l  Inc remen ta l  Write 

S t a n d a r d  P h i l l i p s  Type C e r t i f i e d  
D i g i t a l  Cassette 

2 

860 BPI 

0 - 1 0 0  s t e p s / s e c o n d  

+ 1 2  VDC, 25% a t  70 ma o p e r a t i n g  
and ZPa s tandby.  

4.7"  L x 5.5" W x 4.4" H 

1 . 7 5  pounds 

For  t h i s  c o n f i g u r a t i o n  c a l c u l a t i o n s  i n d i c a t e  t h a t  f i f t e e n  of t h e  
t a p e  u n i t s  s p e c i f i e d  above would be r e q u i r e d  t o  r e c o r d  one month 
of d a t a .  

A - 3 . 4  A/D CONVERSION/7 TRACK DIGITAL RECORDING 

The b lock  diagram of t h e  A/D conve r s ion /7  track d i g i t a l  r e c o r d i n g  
t e c h n i q u e  is shown i n  F igu re  A.3-4. 
assembly and checkout .  
and long  term s t a b i l i t y .  
d a t a  management subsystem a r e  p r e s e n t e d  below. 

A-3.4.1 S i g n a l  C o n d i t i o n e r s  (See Paragraph  A-3.1.1) 

A-3.4.2 

The ana log  m u l t i p l e x e r  w i l l  be a Burr Brown model 4047-43. 

The major d i s a d v a n t a g e s  a r e  
The major advantages  a r e  c o s t ,  accu racy ,  

The b a s i c  components of t h i s  t y p e  of 

Analog Mu1 t i p  l e x e r  

(1) One each  

(2)  The B - B  4047/43 was s e l e c t e d  because o f :  c o m p a t i b i l i t y  
w i t h  t h e  3088/16 a m p l i f i e r ,  commonality of power 
r e q u i r e m e n t s ,  commonality of envi ronmenta l  r e q u i r e -  
ments and cost .  

( 3 )  I n p u t  ( ana log )  
l eakage  100 pA 
( D i g i t a l )  on mode 2 . 2  min 510 V max, o f f  mode 0.8 V 
max , 

+15 V ,  Zin on mode 4 0 0 Q ,  o f f  mode 1010n, 

(4)  Output,: +IO IV' 9 i1O n o i s e  I mV rms max 

(5)  

(6 )  

(7) Weight approximate ly  0 .5  pound 

Temp range  0 t o  60 deg rees  C .  

Power r equ i r emen t s  +15 VDC @ +37 mA and -36 mA per- , ,  
7%;. *z. channe l  

3 

7 .- -. 

. - -  . .  
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A-3.4.3 T i m e r  Con t ro l  Uni t  (See Paragraph  A-3.1.3) .  

A-3.4.4 D i g i t a l  Clock (See Paragraph  A-3.2.4) 
1 

A-3.4.5 A/D Conver te r  (See Paragraph A-3.2.5) 

A-3.4.6 TaDe I n t e r f a c e  

The t a p e  i n t e r f a c e  f o r  t h i s  c o n f i g u r a t i o n  was t o  be an i n t e r n a l  
IBM des igned  and b u i l t  p i e c e  of hardware.  

TTL d i p s  - chosen f o r  c o s t  f l e x i b i l i t y ,  ease of 
assembly and t e s t i n g  

1) 

2)  Weight (pounds) : 

TTL - 1 

Wire - 20 

I 

A- 34 

Boards - 2 

Socke t s  - 4 

Ftame - 4 

31 pounds 

3) Dimensions : 19" W x 12.6" D x 2.7" H 

Power: 1 5  Watts a t  25 VDC 4 )  

A - 3 . 4 . 7  7 Track Incrementa l  Magnetic Tape Recorder  
(See Paragraph  A-3.2.7) 

A-3.5 A/D CONVERSION/DIGITAL CASSETTE RECORDING 

The b lock  diagram of t h e  a n a l o g - t o - d i g i t a l  c o n v e r s i o n / d i g i t a l  
c a s s e t t e  r e c o r d i n g  is  shown i n  F igu re  A.3-5. 
i s  t h e  c a s s e t t e  changer .  
term s t a b i l i t y .  
ment subsystem a r e  p r e s e n t e d  below. 

The major d i s a d v a n t a g e  
The major advantages  a r e  accuracy  and long  

The b a s i c  components of t h i s  t ype  of d a t a  manage- 

A-3.5.1 S i g n a l  C o n d i t i o n e r s  (See Paragraph  A-3.1.1) 

A-3.5.2 

A-3.5.3 

A-3.5.4 D i g i t a l  Clock (See Paragraph  A-3.2.4) 

Analog M u l t i p l e x e r  (See Paragraph  A-3.4.2) 

Timer C o n t r o l  U n i t  (See Paragraph  A-3.1.3) 



I 

a' '. .' 

! 

A-3.5.5 A/D Converter (See Paragraph A- 3.2.5) 

A-3.5.6 Tape Interface (See Paragraph A-3.4.6) 

A-3.5.7 Buffer B (See Paragraph A-3.3.7) 

A-3.5.8 Tape Controller Unit (See Paragraph A-3.3.8) 

A-3.5.9 Cassette Incremental Magnetic Tape Recorder 
(See Paragraph A - 3 . 3 . 9 )  

A-3.6 FM TELEMETRY TO COMPUTER FACILITY 

The block diagram of the FM telemetry to computer facility tech- 
nique is shown in Figure A.3-6. The major disadvantage is the 
private phone line cost. 
reliability, and operational surveillance. The basic components 
of this type of data management subsystem are presented below. 

The major advantages are real time data, 

A-3.6.1 Signal Conditioners 

10 Low level converters - Bristol Model 3750052-02-1 1) 

This converter was selected on the basis of: 
Packaging compatibility and power requirement 
compatibility with the other Bristol components 
used in this system, performance is compatible 
with ofher system components, good temperature 
stability and low cost. 

2) 

3) Input (Analog) 
leakage 100 PA, (Digital$ on mode 2.2 V min 
max, off mode 0.8 V max 

+I5 v,  Zen - on mode 400s2, off mode l0l0n, 
510 V 

Output: 510 V @ 510 mA, noise 1 mV rms rnax 

Temp range: 0 to 60 degrees C 

Power requirements 
channel 

515 Vdc @ 37 mA and -36 mA per 

Weight: Approximately 0.5 pound 

Transmitter - Receiver Frequency Converter 
4 each - Bristol model 371466-01-6 
Basis for selection - (See Item E general description) 
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I n p u t :  0-10 'V = 350,000 ohms 

Outpu t ;  18 - 30 H Z  

Temp range  0 - 60 degrees  C 

Packaging i s  on 2-3" x 3" p r i n t e d  w i r i n g  c o r d  which i s  
i n s e r t e d  i n t o  a B r i s t o l  model 811 case. 

Power r equ i r emen t s  +15 Vdc 

Frequency S h i f t  Keyed (FSK) T r a n s m i t t e r  

2 each  - B r i s t o l  Model CT-22 

Basis f o r  s e l e c t i o n  - (See I tem E g e n e r a l  d e s c r i p t i o n )  

Transmiss ion  f requency  range  365 t o  3500 Hz s t a b i l i z e d  
t o  2 Hz o r  + 0 . 1 %  whichever  i s  g r e a t e r .  

Output  Impedance: 600 ohms 

Temperature  range:  0 t o  60  d e g r e e s  C 

Power Requirements:  15  vdc @ 48 mA 

Frequency S h i f t  Keyed (FSK) Rece ive r  

2 each  - B r i s t o l  37122706-2 

I n p u t  l e v e l  6-13 V o l t s  @ 680 ohms 

Output :  Impedance less than  . 0 1  ohms, t r a n s i e n t  
ove r shoo t  l e s s  than  0.5% of  f u l l  s ca l e ,  r i p p l e  15  
mV P-P w i t h  normal v o i c e  q u a l i t y  long  

Temperature  range:  0-60 degrees  C 

Power Requirements:  a15 V @ mA and -15 V @ 15 mA 

Genera l :  The o p t i o n  # 4  i s  an a d a p t i o n  o f  a B r i s t o l  
CEM Tone Telemetry System. The m u l t i p l e x e d  d a t a  i s  
t r a n s m i t t e d  r e a l  t ime from t h e  remote s e n s i n g  s t a t i o n  
t o  t h e  c e n t r a l  d a t a  p r o c e s s i n g  s t a t i o n  by use  of 
v o i c e  q u a l i t y  te lephone  l i n e s .  A l l  componen,ts w i l l  
be packaged i n  B r i s t o l  cases l o c a t e d  a t  t h e  remote 
s t a t i o n  and t h e  c e n t r a l  p r o c e s s i n g  s t a t i o n .  A l l  
u n i t s  can be powered by a B r i s t o l  power supp ly  which 
a l s o  mounts i n  t h e  c a s e .  The case, B r i s t o l  model 811, 
i s  6.87 H x 1 9  W x 13.53  deep and i s  des igned  t o  mount 
i n  a s t a n d a r d  r e l a y  r a c k  jig i n j .  



A-3.6.6 Telephone Data Sets 

The 602C data set would be used in this configuration on a private 
line system where the remote site data would be transmitted con- 
tinuously to the computer facility during the daylight hours. 
One 602C would be located at the remote site while another 602C 
would be located at the computer facility. 
following specifications. 

The 602C has the 

Type unit: 

Type transmission: 

Interface : 

Synchronization: 

Line facility: 

. .  
Operation: 

Works wi t h : 

Unattended 
answer 

Automatic dialing: 

Reverse channel: 

Telephone handset 
and dial: 

Remote testing: 

Power: 

Size: 

Transmitter-Receiver 

Single channel analog - 0 to 900 hz 

EIA RS 357 (voltage) - 0 to + 7  
volts d.c. 

Provided by a secondary channel 
sending a 60 hz signal 

Voice switched network (DDD) 
2001 type channel - private,line 
alternate voice/data 
3002 type channel - private line 
data only 

Half duplex - two-wire 
Data Sets 602C 

Yes 

Can be provided with an 801 auto- 
matic calling unit 

Yes 

Integrated into set housing. 
Rotary or TOUCH-TONE dials 
ava i 1 ab 1 e 

Yes 

105 - 120 volts, AC, 25 watts, 
equipped with U-blade ground-type 
Plug 

Width.. . .14 3/4" 
Depth.. . .11" 
Height. . 5 5/8" 

A- 37 
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A-3.7 ON SITE CALCULATOR/PRINTER 

The block diagram of the on line calculator/printer technique 
is shown in Figure A.3-7. 
major advantages are a self contained unit and packaging. The 
basic components of  this type of data management subsystem are 
presented below. 

The major disadvantage is c'ost. The 

A-3.7.1 Signal Conditioners 

A) Instrumentation Amplifier 

5 each - Hewlett Packard dual channel model 2471A 
Basis of  selection was compatibility of performance 
and packaging with the 3485A scanner. 

Input: 211 V max gain switchable in steps of 1.10, 
100 and 1000. Common mode rejection >120 db @ 
gain = 1000 

1) 

2) 

3) 

Output: 
zero drift 210 

Dimensions: 

210 V max at 0 to 50 mA, Impedance 0.1 ohm, 
V per day RTI:, or +lmV RTO 

7.75 H x 1.25 \V x 10.625 D inches 

4 )  

5 )  

6) Temperature range: 0 to 55 degrees C 

Power requirements: +30 V @ 50 mA, -30 V @SO a, 
+15 V @ 60 mA, -15 V @ 60 mA 

7) 

B) Combining Case \V/Integral Power Supply 

1) 1 - Hewlett Packard 12670A 
Selected because of mechanical and electrical 
compatibility to amplifiers 

2 )  

3) Input: 115 VAC 60 Hz 

4) Output: 215'b' and +30V as required by Amplifiers 

5) Dimensions: Standard 19 inch relay rack x 10.5 inches 
high 

C) Calibration Module 

1) 1 each 

The Calibration Circuit will upon command remove the 
AllpuL ~ A ~ J I ~ A  A I U J I I  L J I ~  instrumentation Amplifier and 
inject a signal equal to 10% or 100% of the full 
scale span. This will give a complete calibration- 
operation check of the entire data management 
subsystem exclusive of the sensors. 

;--..+ - : - - - 1  r--- 2) 

&' - j p . i ; = -  
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3)  

4)  

5 )  

- A-3.7.3 

Input power will be supplied by long life mercury 
cell batteries which will be replaced annually. 

The calibration module will be packaged via one 
channel slot in the power rack. 

Scanner 

1 each 10 channel unit - Hewlett Packard model 3485A 

Primary advantage is versatility in that data channels 
can be interrogated sequentially on a continuous basis, 
Singly or randomly. This unit is a plug in module 
designed to be used in either H-P 3480A or 3480B 
DVM's or 2070A data logger. 

Input: 510.0 V, zin>i07 ohms 

Output: 4 1/2 digits, + BCD (optional) 

Scanning rate: Variable (in continuous mode) from 1 
channel/sec to 1000 channels/sec 

Effective common mode rejection, D.C. >80 db, noise < 
3 ll VPP. 

Dieital Voltmeter 

The digital voltmeter in this configuration would be a Hewlett 
Packard model 3480B. This unit digitizes the analog signals 
received from the scanner. 

A-3.7.4 Coupler Controller 

The coupler controller in this configuration is a Hewlett Packard 
model 2570A. It is used to establish two way communication 
between instruments ( D I N )  and peripheral devices such as the 
calculator/printer. 

A-3.7.5 Calculator/Printer 

The calculatorlprinter in this configuration is the Hewlett Packard 
model 9830A. 
hardcopy in the desired format of solar radiation data being 
monitored. 

This unit can be programmed to provide an on site 

A-3.8 DIGITREND/7 TRACK DIGITAL RECORDING 

The block diagram of the digitrend/7 track digital recording tech- 
nique is shown in Figure A.3-8. The major disadvantages to this 
system are assembly and checkout. The major advantages are cost, 
packaging, and proven design. The basic components of this type 
of data management subsystem are presented below. 

. .  P .. 
I 1  t z:' 
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A- .1 "Digi  t r e n d "  

D i g i t r e n d  i s  t h e  name of a m u l t i - p o i n t  d a t a  l o g g e r  manufactured 
by Dor i c  S c i e n t i f i c  C o r p o r a t i o n  of San Diego, C a l i f o r n i a .  T h i s  
u n i t  i n c l u d e s  a l l  of  t h e  d a t a  logg ing  f u n c t i o n s  of i n p u t  t e rmina -  
t i o n ,  r e f e r e n c e  j u n c t i o n  compensat ion,  s o l i d  s t a t e  m u l t i p l e x i n g ,  
A/D c o n v e r s i o n  and a b u i l t - i n  e l e c t r o n i c  t i m e r  t o  i n i t i a t e  p e r i o d -  
i c  logg ing  c y c l e s  f o r  u n a t t e n d e d  o p e r a t i o n  w i t h  s e l e c t i v e  i n t e r v a l s .  
A l so ,  i n c l u d e d  are  d i g i t a l  d i s p l a y s  and a s t r i p  p r i n t e r  t o  g i v e  a 
hardcopy p r i n t o u t .  The model 2 1 0 - 2 0 ,  which was chosen f o r  t h i s  
c o n f i g u r a t i o n ,  has  t h e  f o l l o w i n g  s p e c i f i c a t i o n s .  

9 )  

io j 

11) 

I n p u t  c a p a b i l i t y  - 10 c h a n n e l s ,  o p t i o n a l  t o  100 
channe 1 

The i n p u t  c h a n n e l s  are t e r m i n a t e d  i n t o  a JFET m u l t i -  
p l e x e r  which has a p o i n t ' t o  p o i n t  s c a t t e r  of  l ess  t h a n  
5 3 .0  p V. 

The o u t p u t  i s  a c t u a l l y  a r a t i o  o f  i n p u t  v o l t a g e  t o  a 
p r e c i s e  r e f e r e n c e  v o l t a g e ,  t h e r e f o r e  any e r r o r s  i n  
a m p l i f i e r  g a i n  and a s s o c i a t e d  RGC v a l u e s  w i l l  be  can-  
c e l l e d  s i n c e  t h e  same e r r o r s  e x i s t  i n  b o t h  t h e  
measure and t h e  r e f e r e n c e  s i g n a l .  

The s i g n a l  c o n d i t i o n i n g  p o r t i o n  u t i l i z e s  t h e  d u a l  
s l o p e  i n t e g r a t i o n  t e c h n i q u e  wi th  an au tomat i c  
z e r o i n g  f e a t u r e  which a u t o m a t i c a l l y  r e - z e r o e s  t h e  
s i g n a l  c o n d i t i o n e r s  a f t e r  each scan .  

The p r e c i s i o n  r e f e r e n c e  v o l t a g e ,  upon which e s s e n t i a l l y  
a l l  measurement e r r o r  i s  dependent ,  i s  h e l d  t o  a 
t e m p e r a t u r e  s t a b i l i t y  of  0 . 0 0 0 6 %  p e r  degree  C and 
l o n g  term s t a b i l i t y  t o  100 PPbl long  term c a l i b r a t i o n  
s t a b i l i t y  i s  h e l d  t o  w i t h i n  0 . 0 3 %  of r e a d i n g  f o r  s i x  
months. 

Noise i s  minimized by use  of an a c t i v e  f i l t e r  w i t h  a 
r e j e c t i o n  r a t e  of 18  db p e r  oc t ave .  

R e s o l u t i o n  = O . - O l % - f . s .  (10 v V f o r  1 0  V f.s.) 

The p r i n t e r  p r i n t s  o u t :  
5 d i g i t s  of d a t a  ( ana log )  and 2 d i g i t s  of e n g i n e e r i n g  
u n i t s .  P r i n t o u t s  are made a t  a r a t e  of up t o  2 . 0  
p e r  second.  

With t h e  BDC o u t p u t  o p t i o n  t h e  o u t p u t  is  d i r ec . t l y  
c o m p a t i b l e  w i t h  a d i g i t a l  t a p e  r e c o r d e r  w i t h  DTL/TTL 
comp a t i b i 1 i t  y . 

The d a t a  channe l ,  p o l a r i t y ,  

I n p u t :  range 0-10 mV, impedance 200 megohms minimum. 

C a l i b r a t i o n  s t a b i l i t y :  +.01% f . s .  f o r  s i x  months 
F. 003% of r e a d i n g / d e g r e e  C::. ' 

AL., . .-.- ' . . 
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1 2 )  Zero s t a b i l i t y :  +2 P V/degree C. 

13 )  Temperature  range:  1 0  t o  50 d e g r e e s  C.  

1 4 )  Weight: 40 pounds. 

15)  Power r e q u i r e d :  115 VAC @ 60 w a t t s  

16 1 S i z e :  7" H x 19'' W x 17.5" D 

A-3.8.2 

A-3.8.3 

A-3.8.4 

Timer Con t ro l  Uni t  (See Paragraph  A-3.1.3) 

D i g i t a l  Clock (See P-ragraph A-3.2.4) 

Tape I n t e r f a c e  (See Paragraph  A-3.4.6) 

A-3.8.5 7 Track Incrementa l  Magnet ic  Tape Recorder  
(See Paragraph A - 3 . 2 . 7 )  

A-3.9 DIGITAL TELEMETRY TO COMPUTER FACILITY 

The b l o c k  diagram of  t h e  d i g i t a l  t e l e m e t r y  t o  computer f a c i l i t y  
t e c h n i q u e  is shown i n  F igu re  A.3-9. 
t h i s  t echn ique  is  t h e  d i a l - u p  phone l i n e  c o s t .  
advantages  a re  c o s t ,  packaging ,  proven des ign .  

The major d i s a d v a n t a g e  t o  
The major  

A-3.9.1 "Digi t rend"  (See Paragraph A-3.8.1) 

A-3.9.2 T i m e r  Con t ro l  Unit  (See Paragraph  A-3.1.3) 

A-3.9.3 D i g i t a l  Clock (See Paragraph  A - 3 . 2 . 4 )  

A - 3 . 9 . 4  Tape I n t e r f a c e  (See Paragraph  A-3.4.6) 

A-3.9.5 Magnet ic  Tape Data Terminal 

l h i s  u n i t  i s  a Te le type  4210 magnet ic  t a p e  d a t a  t e r m i n a l .  
b a s i c  f u n c t i o n  of  t h i s  d a t a  t e r m i n a l  would be  t o  r e c o r d  t h e  d i g i t a l  
d a t a  d u r i n g  t h e  d a y l i g h t  hour s  and p l a y  t h e  d a t a  back t o  a d a t a  
r e c o r d i n g  system d u r i n g  t h e  n i g h t  a t  h igh  speed.  
f o r  t h i s  t e r m i n a l  are as fo l lows :  

The 

The s p e c i f i c a t i o n s  

On l i n e  speed:  1) 

2) Code : 

Up t o  2400 wpm 
( 2 4 0  c h a r a c t e r s  . p e r  second)  
2400  baud 

ASCII (7 i n f o r m a t i o n ,  
1 p a r i t y )  

3) Met,hod of  t r ans rn i s s i cn :  S e r i a l ,  i o  u n i t  code 

4)  Interface : Conforms w i t h  E I A  RS-232-B 
c:. 
i' a+= +" 

m- 
??- 

I 



Tape : 

Cartridge capacity: 

Recording: 

Environment: 

Power : 

Maintenance Interval: 

Dimensions: 

Weight : 

Telephone Data Sets 

1/2" precision magnetic ,ape 
(approximately 100 feet in a 
3" x 3" x 1" cartridge) 

150,000 characters 

MRB (Modified Return to Bias), 
9 track (8 data, 1 clock), 
125 characters per inch 

Operating: 40'  to 110°F ambient, 
Humidity: 95% maximum 

Approximately 150 watts idle, 
and 180 watts operating 
115 VAC 210% 
60Hz k0.5 Hz or SO Hz kO.5 Hz 

Recommended cleaning of tape 
head is once a week. 
maintenance every six months. 

12'' W x 30" H x 23" D 

Preventive 

97 pounds 

The 202C data set would be used in this configuration on a dial 
up system. 
terminal at the remote site and another would interface with a 
data recording system which could be located at the central 
computer facility. The 202C has the following specifications: 

One 2 0 2 C  would interface with the magnetic tape data 

1) Type unit: 

2)  Type Transmission: 

Interface : 3)  

4) Bit rate: 

Transmitter-Receiver 

Bit serial 

EIA RS 232 (voltage) 

Up to 1200 bits/second on voice 
switched network (DDD) and up to 
1800 bits/second on Private line, 
non-syhchronous (see line 
Facilities below) 

-__- - 
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5 )  

9) 

A-3.9.7 

Line facility: Voice switched message.network (DDD) 
1200 BPS 
2001 type channel (no conditioning) - 
private line alternate voice/data 1000 
BPS 
3002 type channel (no conditioning) - 
private line data only 1000 BPS 
2001 type channel with C1 conditioning - 
private line alternate voice/data 1000 
BPS 
3002 type channel with C1 conditioning - 
private line data only 1400 BPS 
2001 type channel with C2 conditioning - 
private line alternate voice/data 1800 
BPS 
3002 type channel with C2 conditioning - 
private line data only 1800 BPS 

Operation: Half duplex-two-wire Full duplex - four -wire 

Works with: 

Unattended Yes 
anSwer: 

Data Sets 202A, 202C, 202D, 202E 

Automatic 
dialing: 

Reverse 
channel : 

Can be provided with an 801-type 
automatic calling unit 

Yes, Sender and detector-maximum- 
keying rate 5 baud. 

Telephone 
handset and 
dial : (See Remarks) 

Integrated into data set housing, 
Rotary or TOUCH-TONE dials available 

Remote Yes 
testing : 

Power: 

Size: 

105-120 volts, AC, 11 watts, equiped 
with U-blade ground-type plug 

Width . . .11" 
Depth . . .14 1/2" 
Height... 5 1/2" 

Data Recording System 

A model JIDRS-9 data recording system manufactured by blitron. Systems 
Corporation of Beltsville, Maryland would be used in this configura- 
tion t o  automatically dial up each r e m o t e  site and record the 
digital data transmitted. 
specifications : 

The MDRS-9 unit has the following 
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SPEC I F I CAT I O N S  

1) Record ing  Format 

S t a n d a r d :  
O p t i o n a l :  

9 t r a c k ,  IBM 2400-Ser ies  Compatible  
7 t r a c k ,  IBM 729-Se r i e s  Compatible  

2 )  Recording D e n s i t y  

9 t r a c k :  800 bp i  7 t r a c k :  800/556 b p i  

10,000 c h a r a c t e r s / s e c o n d  (800 b p i )  
6 ,950 c h a r a c t e r s / s e c o n d  (556 b p i )  

3) Recording Rate 

4) Tape Speed 

12 .5  i n c h e s  p e r  second 

5) Reel S i z e -  

6 o r  8 1 / 2  i n c h e s  

6) Tape Width 

A- 4 4  

1 / 2  i n c h  wide,  1 .5  m i l  t h i c k  

7) Rewind Speed 

75 i n c h e s  p e r  second 

8) F a s t  Forward Speed 

75 i n c h e s  p e r  second 

9 )  Read a f t e r  Write 

S t a n d a r d  

10 )  E l e  c t r o n i  c s 

S o l i d  s t a t e  

111 Temperature  

40 t o  1 1 0  d e g r e e s  F'- 

1 2 )  Power 

105-125 v o l t s ,  5 amperes maximum 

13) S i z e  

Recorder :  
Console  : 
Stand :  28" High 

13" H x 22" W x 22" D 
6" H x 22" W x 22" D 

f 



Weight 

130 pounds 

Recorder  C o n t r o l s  

Rem0 t e  
Forward 

Recorder  I n d i c a t o r s  

Power On 

Rewind 
S t o p  - Rese t 

F i l e  P r o t e c t  

Console  C o n t r o l s  

Power On/Off Sea rch  
Reset Transmi t /Rece ive  
s t o p  Data S e t / L o c a l  
S t a r t  Rate Tape Mark - 

Console  I n d i c a t o r s  

O f f  L ine  
F i l e  Ring 
End Tape 
Ready 
B 1  
B2  
Read/lYr i t e E r r o r  

Data 
EOM 
EOT 
Record Counter  
Aux 'Coun te r  
Audib le  S i g n a l  
Line 

WEATHER MEASURE DIGITAL DATA LOGGER 

Reverse - _  

The b l o c k  diagram shown i n  F igu re  A . 3 - 1 0  p r e s e n t s  t h e  b a s i c  com- 
p o n e n t s  of t h e  Weather Measure D i g i t a l  Data Logger. 
M731-hi9 was chosen  f o r  t h i s  c o n f i g u r a t i o n .  

The model 

The M731-M9 D i g i t a l  Data  Logger i s  a complete  d a t a  r e c o r d i n g  
sys tem.  
and r e c o r d s  them i n  compat ib le  format  on magnet ic  t a p e .  The 
l a t e s t  developments  i n  s o l i d  s t a t e  i n t e g r a t e d  c i r c u i t r y  are 
u t i l i z e d .  

I t  a c c e p t s  a wide v a r i e t y  of ana log  ( o r  d i g i t a l )  s i g n a l s  

The M731-M9 Data Logger c o n s i s t s  of a s i g n a l  p r o c e s s i n g  s e c t i o n  
and a r e c o r d e r .  
c h a n n e l  m u l t i p l e x e r ,  a n a l o g  t o  d i g i t a l  c o n v e r t e r ,  time code 
g e n e r a t o r ,  p a r i t y  g e n e r a t o r ,  and an o u t p u t  r e g i s t e r .  

The s i g n a l  p r o c e s s i n g  s e c t i o n  c o n t a i n s  a 2 0 -  

There  are t h r e e  modes of o p e r a t i o n :  s i n g l e  channel  (SC); s i n g l e  
s c a n  ( S S )  ; and c o n t i n u o u s ,  I n  t h e  " s i n g l e  scan" mode the l o g g e r  
makes one comple te  s c a n  a t  a r a t e  of one channel  p e r  second 
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and i s  t h e n  i d l e  u n t i l  t h e  s t a r t  o f  t h e  n e x t  s can .  The 
i n t e r v a l  between s c a n s  i s  s w i t c h - s e l e c t a b l e  a t  1, 2 ,  5 ,  1 0 ,  
20 ,  30,  o r  60 minu tes .  The l e n g t h  of t h e  s c a n  i s  a l s o  s w i t c h -  
s e l e c t a b l e  i n  terms of . t h e  number of  c h a n n e l s  scanned b e f o r e  
g o i n g  i n t o  t h e  i d l e  mode. Each scan  s t a r t s  a t  channel  number 
one and c o n t i n u e s  th rough  t h e  channel  number s e t  on t h e  
thumbwheel s w i t c h  l a b e l l e d  " l a s t  channel  ." 
I n  t h e  "cont inuous"  mode t h e  l o g g e r  s c a n s  a l l  channe l s  i n  sequence 
a t  t h e  r a t e  of one channel  p e r  second.  "Continuous" scann ing  
ceases o n l y  when t h e  "s top" b u t t o n  i s  pushed.  Other  sampling 
ra tes  of 1, 2 ,  5, and 1 0  channe l s  p e r  second (as i l l u s t r a t e d )  are  
a l s o  a v a i l a b l e  a s  an o p t i o n .  

I n  e i t h e r  " s i n g l e  scan" o r  "cont inuous" modes time i s  r eco rded  a t  
t h e  beg inn ing  of each  scan .  

The " s i n g l e  channel"  mode is used  t o  d i s p l a y  (no t  r e c o r d )  t h e  level  
of any c h a n n e l ' s  i n p u t .  

The scann ing  i s  accomplished by h igh  performance r eed  swi tches .  
These s w i t c h e s  a r e  des igned  t o  s w i t c h  low l eve l  s i g n a l s  w i t h  a 
minimum of t h e r m a l  o f f s e t  due t o  s w i t c h  c o n t a c t s .  

An i n t e g r a t i o h  t y p e  of ana log  t o  d i g i t a l  c o n v e r t e r  i s  used .  The 
c o n v e r t e r  g e n e r a t e s  a BCD o u t p u t  of 1 2  b i t s  p l u s  s i g n .  I t s  i n p u t  
impedance i s  g r e a t e r  t h a n  100 megohms. The accuracy  i s  O.l%/OF 
of  r e a d i n g  k 1  m i l l i v o l t  a t  70°F w i t h  a t empera tu re  c o e f f i c i e n t  
of .OOS%/OF when o p e r a t i n g  over  a t e m p e r a t u r e  range  +32"F t o  
140OF. Opera t ing  o u t s i d e  of  t h e s e  t empera tu re  l imi t s  i s  p o s s i -  
b l e  w i t h  reduced a c c u r a c y .  The s t a n d a r d  i n p u t  v o l t a g e  r ange  i s  
k - o n c  v o l t  f u l l  scale.  
s p e c i a l  o r d e r .  

Other  i n p u t s  can  be p rov ided  f o r  on 

S i g n a l  P r o c e s s o r  S p e c i f i c a t i o n s  

o Data I n p u t  .................... 
o I n p u t  V o l t a g e ,  S t a n d a r d  ....... 
o No. of Channels  ............... 
o R e s o l u t i o n  .................... 
o Sampling Rate ................. 
o Data D i s p l a y  Type ............. 
o Data D i s p l a y  Con ten t  .......... 
o T i m e  D i s p l a y  .................. 
o Clock  Accuracy ................ 
o Record Length .................. 
o Accuracy ...................... 
o Scan I n t e r v a l  ................. 

Analog D i f f e r e n t i a l  V o l t a g e s  
f 1 V  p l u s  1 V  over range  
20 ana log  channe l s  p l u s  2 time 
words 
1 mV 
1 channe l  p e r  second o t h e r s  on 
s p e c i a l  o r d e r  
N I X I E  t y p e  
S ign  and 3 d i g i t s  p l u g  1 ' 'over- 
range" s i g n a l  
Days, h o u r s ,  and minutes  

T i m e  p l u s  1 t o  2 0  ana log  channe l s  
0 .1% f u l l  s c a l e  _+1 mV 
S e l e c t a b l e  i n  increments  of  1, 2 ,  
5, 10,  2 0 ,  30 and 60  minutes  

+.02%, 15 t o  35°C 

1 
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Ambient Temp. Range ........... +32'F t o  140 'F l i t h  a tempera 

Code Format ,  Magnet ic  ......... IBM BCD, 7- t rack,  NRZI  
c o e f f i c i e n t  o f  .OOS%/'F 

Tape 

:ure 

Magnet ic  Tape Deck S p e c i f i c a t i o n s  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Reel S i z e  ..................... 8 1 / 2 "  

Rewind Time ................... 3 minutes  
Inc remen ta l  Write Speed ....... 0 t o  1 0 0  Char./Second 
D e n s i t y  ....................... 550 b p i  
I n t e r - R e c o r d  Gap T ime  ......... 475 msec, a t  556 b p i  
Reel Dr ive  .................... Constant  t o r q u e  r e e l  motor 
Caps tan  Drive ................. Permanent magnet DC s t e p p e r  motor 
Tape .......................... 1 / 2  i n c h  wide,  1 . 5  m i l  t h i c k  

Tape Length ................... 1200 f e e t  

Local  C o n t r o l s  ................ Power On/Off; Load; Ready; 
F i l e  Gap; Rewind 

System S p e c i f i c a t i o n s  

o Power Requirements  ............ 115V, 50/60 Hz 
o Opera t ing  C u r r e n t :  

kl731-M lk4agnetic Tape) ....... I d l e ,  1 . O A ;  maximum, 1 . S A  
o Dimensions: 

M731-M ....................... 24-1/8" h x 21" w x 15" d 

11731-M ........................ 160 l b s  
o Shipping  Weight: 

. .  

. .  
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SECTION A-4 

FINAL TRADE OFF STUDY 

A-4.0 S UMNARY 

A f i n a l  t r a d e  o f f  s t u d y  was performed i n  which o f f - t h e - s h e l f  
d i g i t a l  d a t a  l o g g e r  systems were compared a g a i n s t  t h e  r e q u i r e -  
ments l i s t e d  i n  Table  A . 4 - 1 .  Th i s  s t u d y  r e s u l t e d  i n  t h e  c h o i c e  
of an E s t e r l i n e  Angus model D-2020 d a t a  l o g g e r  system. T h i s  
s t u d y  a l s o  produced an  a l t e r n a t e  d a t a  l o g g e r  sys tem,  t h a t  could  
r e c o r d  f o r  f i v e  d a y s ,  a t  approximate ly  one h a l f  t h e  c o s t  of 
t h e  E s t e r l i n e  Angus system. This  d a t a  l o g g e r  i s  manufactured 
by Metrodata  Systems. 

The major  d e c i s i o n  f a c t o r s  i n  s e l e c t i n g  t h e  d a t a  l o g g e r  system 
i n  t h i s  t r a d e  o f f  s t u d y  were: 1) r e c o r d i n g  t ime, 2 )  c o s t ,  
3) proven system r e l i a b i l i t y ,  and 4) manner i n  which each  
system meets t h e  d a t a  management subsystem s p e c i f i c a t i o n s  i n  
Table  A . 4 - 1 .  

On May 1, 1973 . le t ters  were s e n t  t o  s i x t y  d i f f e r e n t  d a t a  
system vendors .  O f  t h e s e  s i x t y  i n q u i r i e s ,  t h i r t y  r e sponses  
we,re r e c e i v e d  of which on ly  f i v e  were a p p l i c a b l e .  Met roda ta  
Systems responded w i t h  two o p t i o n s ,  9 - t r a c k  and cas se t t e  systems, 
which r e s u l t e d  i n  a t o t a l  of s i x  systems t o  e v a l u a t e .  These six 
systems a re  l i s t e d  i n  Table  A - 4 . 2  a long w i t h  t h e i r  r e l a t i v e  c o s t ,  
number of t r a c k s  on t h e  magnet ic  t a p e  used i n  t h e  system, and 
t h e  r e c o r d i n g  t i m e  based  on f i f t e e n  hour  days .  

A - 4 . 1  ESTERLINE ANGUS DATA LOGGER 

A - 4 . 1 . 1  General  D e s c r i p t i o n  

The E s t e r l i n e  Angus, Model D - 2 0 2 0  d a t a  l o g g e r  sys tem i s  shown i n  
F i g u r e  A.4-1. B a s i c a l l y ,  t h e  in s t rumen t  i s  a d i g i t a l  DC-mi l l i vo l t  
measuring d e v i c e  t h a t  p r o v i d e s  a v i s u a l  d i g i t a l  d i s p l a y  and a 
d i g i t a l  p r i n t e d  r e c o r d  of t h e  measured v a l u e s  o f  up t o  20  ana log  
i n p u t  s i g n a l s .  I n  a d d i t i o n ,  t h e  u n i t  a l s o  i n c o r p o r a t e s  a r ea l  
time, s o l i d - s t a t e ,  24-hour d i g i t a l  c l o c k ,  t h e  time of which can 
be b o t h  v i s u a l l y  d i s p l a y e d  and p r i n t e d  o u t .  

The rnajor f u n c t i o n a l  e lements  t h a t  comprise  t h e  Model D-2020 are  
shown i n  t h e  b lock  diagram of F igure  A.4-2. 

The Model D-2020 d e s i g n  i s  achieved through t h e  use  of  r e l i a b . l e ,  
s o l i d - s t a t e ,  i n t e g r a t e d  c i r c u i t  l o g i c .  I n  implementing t h e  s o l i d -  
s t a t e  d e s i g n ,  v i r t u a l l y  a l l  of t h e  c i r c u i t  f u n c t i o n s  a r e  s t r u c t u r e d  
OA e a s i l y  a c c e s s i b l e  p i u g - i n  p r i n t e d  c i r c u i t s  c a r d s .  



TABLE A . 4 - 1  

I n p u t  

o u t p u t :  

DATA MANAGEMENT SUBSYSTEM SPECIFICATIONS 

Number of  Channels Range - . 

0 - 1 0  m i l l i v o l t s  4 

10 0 - 1 0 0  m i l l i v o l t s  _ -  

1. 9 - t r a c k  i n c r e m e n t a l  magnet ic  t a p e  . 

2 .  DENSITY - 800 BPI 
. . .  

3 .  FORMAT - IBM BDC 

4 .  TIME - DAY:HOUR:bfINUTE/SCm 

5 .  DATA - From con t inuous  s c a n  

6 .  I n t e r r e c o r d  gap - once p e r  hour  

O p e r a t i o n :  1. Scan t y p e  - con t inuous  
2 .  Scan r a t e  - one sample p e r  channel  . - 

3 .  

e v e r y  t e n  seconds  

Recording p e r i o d  - Maximum o f  15 hour s  
p e r  day f o r  31 days 

Requirements  : 1. Subsystem l i f e  - 5 years 

2 .  AC power a m p l i f i e r  . .  

3 .  

4 .  

5. 

Geographic l o c a t i o n  - C o n t i n e n t a l  Uni ted  S t a t e s  

P e r i o d  of o p e r a t i o n  - Dawn t o  dusk 

C a l i b r a t i o n  o f  Data Management Subsystem 

6 .  Record d a t a  i n  a c m p u t e r  ready  format  

7 .  Record t iming  i n f o r m a t i o n  f o r  r a p i d  
computer ized d a t a  r e d u c t i o n  

8 .  Data r e t r i e v a l  p e r i o d  - once p e r  month 
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Figure A . 4 - 1  

- E s t e r l i n e  Angus Model D-2020 
D i g i t a l  Data Logger - : 
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Figure A . 4 - 2  Functional Elements of D-2020 



U t i l i z a t i o n  o f  t h e  p r i n t e d  c i r c u i t  c a r d s  keeps maintenance r e q u i r e -  
ments a t  a minimum. 
be q u i c k l y  ana lyzed  and r e p a i r e d  by d i r e c t l y  s u b s t i t u t i n g  a c a r d ( s )  
i n  p l a c e  of t h e  f a u l t y  c a r d ( s )  - -  t he reby  e l i m i n a t i n g  t h e  time 
consuming p rocedures  of unso lde r ing  and s o l d e r i n g  
c i r c u i t  components on t h e  c a r d s .  

Suspected areas of  c i r c u i t  ma l func t ions  may 

i n d i v i d u a l  

A - 4 . 1 . 2  System Components 

The E s t e r l i n e  Angus D i g i t a l  Data Logger System, which was 
c o n f i g u r e d  t o  per form t h e  d a t a  management f u n c t i o n  f o r  t h e  
s u n f a l l  mon i to r ,  i nc luded  t h e  followin_g hcrdyare :  ___ _ -  -_  - _ _ -  -- - - - 

1. Low l e v e l  span  c a l i b r a t i o n s ,  l m V / 1 0 m V / 1 0 0 m V  DC. 

2 .  S e l f  con ta ined  rea l  time c l o c k ,  synchronized  wi th  
l i n e  f requency  of incoming AC p o w e r , - w i a  r e a d i n g  
of  0O:OO t o  23:59 hours  and minutes .  

-- -- 

3 .  A l l  f r o n t  p a n e l  c o n t r o l s  a s  d e s c r i b e d  i n  s t a n d a r d  
l i t e r a t u r e  w i l l  be  p rov ided ,  i n c l u d i n g  end of 
frame s e l e c t o r  s w i t c h ,  frame r a t e  t ime se lec tor - - - - -  
swi tch , -  djsalaay readout  selector . , .  s ingle/muJ-ciple  
s c a n  s e l e c t o r ,  and print/print-record/record onl+ 
s e l e c t o r  s w i t c h .  - _- 

4 .  I n c l u d e d 4 n t h i s  s y s t e m - i s  a - s p ~ k l l y  xdape-d- 
magnet ic  t a p e  r e c o r d e r  i n t e r f a c e  which w i l l  reccrr-d--- 
on ly  t h e  e s s e n t i a l  da ta  on t h e  a s s o c i a t e d  magnet ic  
t a p e .  T h i s  d a t a  w i l l  c o n s i s t  of t h e  f o u r  numer i ca l  
c h a r a c t e r s  p e r  channe l ,  which make up t h e  d i g i t i z e d  
d a t a  r e a d o u t ,  and w i l l  record-oalyLthe e i g h t  
c h a r a c t e r s  r e q u i r e d  on t h e  frame header  l i n e  t o  
p r o v i d e  t h e  day,  hour ,  and minute  re-from t h e  
D - 2 0 2 0 ' s  c l o c k .  T h i s  d a t a  s h a l l  a l l  be recorded  i n  
EBCDIC code on t h e  associated-%*k, 800 BPI 
i n c r e m e n t a l  magnet ic  t a p e  r e c o r d e r ,  P e r i p h e r a l  Equip-  
ment Corpora t ion  Model 2 8 0 7 - 9 ,  w i t h  2400  f o o t  t a p e  

- 

.-- ___ __----- -~ __ - -_ reex,.---- ----- 

5 .  S c a l i n g  networks t o  d i v i d e  0 - 2 4 0  m i l l i v o l t s  and 
0 - 8 . 0  v o l t s  s e n s o r  o u t p u t s  t o  t h e  0 - 100 m i l l i -  
v o l t  range  f o r  i n p u t  t o  t h e  D - 2 0 2 0  d i g i t a l  d a t a  
l o g g e r .  

A - 5 3  



6 .  C a l i b r a t i o n  c i r c u i t  t o  p r o v i d e  50 m i l l i v o l t s  t o  - -  - -  
an unused channel  of t h e  d a t a  l o g g e r .  
w i l l  be r eco rded  and then  used by t h e  s o f t w a r e  as- - 

a s t a n d a r d  r e f e r e n c e  f o r  de t e rmin ing  i f  a m u l t i -  
p l y i n g  f a c t o r  shou ld  be used t o  c o r r e c t  sun fa l - l  
d a t a  due t o  a ma l func t ion  i n  t h e  d a t a  management 
subsystem. 

T h i s  s i g n a l  

7. Thermocouple r e f e r e n c e  j u n c t i o n  t o  p r o v i d e  a c c u r a t e  
r e a d i n g s  from thermocouples  used i n  t h e  sys tem.  , 

A-4.1.3 System S p e c i f i c a t i o n s  

E s t e r l i n e  Angus D-2020  D i g i t a l  Data Logger: 

1. 

2. 

3 .  

4 .  

5 .  

6 .  

7. 

Number of Channels 

O p e r a t i o n a l  Modes 

Data Frame I n t e r v a l  
Rate 

Data Frame Length 

Data P r e s e n t a t i o n  

Channel Scan Rate  

Data Frame I n d i c a t i o n  
Number 

20 (expansion c a p a b i l i t y  t o  Z O O )  

1. Automatic s c a n  of any l e n g t h  
frame de termined  by f r o n t - p a n e l  
s w i t c h e s .  (Frame s c a n  i n t e r v a l  
v a r i a b l e  f rom con t inuous  t o  one 
s c a n  p e r  hour . )  
2 .  S i n g l e  o r  con t inuous  s c a n  of 
any one channel .  - 

3 .  Local  o r  e x t e r n a l  t r i g g e r  f o r  
s i n g l e  channel  o r  s i n g l e  frame 
scan .  

V a r i a b l e  from con t inuous  t o  one 
frame p e r  hour .  E x t e r n a l  frame 
t r i g g e r  a v a i l a b l e  a s  s t a n d a r d .  

V a r i a b l e  by "LAST CHAN." s e l e c t o r  
s w i t c h  on f r o n t  p a n e l .  

1. V i s u a l  d a t a  on 3 1 / 2  d i g i t  
d i s p l a y  w i t h  p o l a r i t y -  i n d i c a t i o n  
and f l o a t i n g  dec imal  p o i n t .  May 
r ead  e i t h e r  t ime o r  d a t a .  
2 .  P r i n t e d  r e c o r d  on f a n - f o l d  
paper  from s e l f - c o n t a i n e d  
p r i n t e r .  

2.5 channe l s  p e r  s econd ,  

Three d i g i t s  c o n t r o l l e d  by f r o n t -  
p a n e l  manual e n t r y  s w i t c h e s .  An 
o p t i o n  p e r m i t s  au tomat i c  advance 
of t h i s  number w i t h o u t  v i s u a l  
d i  s p  1 ay 



8 .  Clock 

9. 

1 0 .  

11. 

1 2 .  

13.  

14.  

1 5 .  

16.  

1 7 .  

18.  

19.  

20. 

21 .  

2 2 .  

I n p u t  C o n f i g u r a t i o n  

Ampl i f i e r  

Inpu t  Ranges 

R e s o l u t i o n  

Inpu t  Impedance 

Source Impedance 

Noise,  Refer red-  t o  
Input .  

Common Mode Vol tage  

Common Mode 
Re j e c t i o n  

System Accuracy 
- -  

Opera t ing  Temperature  
Range 

I n t e r n a l ,  d i g i t a l ,  r e a l  t ime, 
s o l i d  s t a t e  c l o c k .  Twenty-four  
hour  t ime r ead  o u t  i n .  hour s  and 
minutes .  Clock i s  synchronous 
w i t h  l i n e  f r equency ,  50 Hz o r  
60 Hz. 

F l o a t i n g ,  d i f f e r e n t i a l  3 -wi re  
i n p u t  (h igh ,  low and gua rd ) .  
Complete channel  i s o l a t i o n  ( a l l  
t h r e e  l e a d s  s w i t c h e d ) .  

S o l i d  s t a t e  chopper  s t a b i l i z e d ,  
d i f f e r e n t i a l  w i t h  programmable 
g a i n ,  

Choice of  t h r e e :  1, 1 0  and 100 
MV DC i n d i v i d u a l l y  s e l e c t a b l e  by 
f r o n t - p a n e l  s w i t c h e s .  Readable  - 
over - r ange  on a l l  ranges  i s  200%. 

3 , 0 0 0 :  1 o v e r a l l  r e s o l u t i o n .  
1 mic rovo l t  (on MV r a n g e ) .  

1 0 0  megohms a l l  r anges  

Maximum 10K ohms. 

5 m i c r o v o l t s  peak - to -peak  

200  VDC and 1 2 0  VAC maximum. 

120 db (1,000,000:1)  a t  DC 
1 0 0  db (100,OOO:l) a t  60  Hz AC. 

* 0 . 1 %  of  r e a d i n g ,  one d i g i t ,  o r -  
5 m i c r o v o l t s ,  whichever  i s  
g r e a t e r ,  * one d i g i t .  

O°C t o  +6OoC. 

Temperature  C o e f f i c i e n t  0 . 2  mic rovo l t  p e r  "C r e f e r r e d  t o  
of Offset  i n p u t  

Temperature  C o e f f i c i e n t  0.18 of  r ead ing  p e r  l S ° C .  
o f  Gain. 

Data P r i n t o u t  T W ~ I I ~ ~ - C G ? G E Z  p r i i i t ~ d  record 
which i d e n t i f i e s  t ime, channel  
number, d a t a  i d e n t i f i c a t i o n  num- 
b e r ,  3 1 / 2  d a t a  d i g i t s  f l o a t i n g  
about  a f i x e d  decimal  point . ,  

2- *., . - .'. 'i- 



23. Size 

24. Weight 

25. Power Requirement 

26. Output Options 

Pertec 2807-9 Magnetic Tape Recorder: 

17" wide, 17 1/4" deep, 7" high. 
(20-channel system). 

Approximately 25 pounds. 
(20-channel system). 

120 or 240 VAC. * lo%, 50 and 60 
H z .  Standby: 30 VA. Printing: 40 
VA. (20-channel system). 

A. Paper tape interface. ASC I1 
(1968). 
B. 7 or 9 track magnetic incremen- 
tal tape interface, 556 or 800 BPI. 
C. Teletype interface (no printer) 
to ASR 33. 

1. 

2. 

3. 

4. 

5. 

6. 

7.  

8. 

9. 

10. 

11. 

12. 

13. 

Recording Mode 

Recording Density 

Writing Step Rate 

Reel Size 

Character Transfer 
Rate 

Inter-Record Gap 
Distance 

File Gap Distance 

Tape Format 

Tape Specifications 

Tape Tension 

Rewind Speed 

Inter - C hanne 1 
Disp 1 acemen t Error 

Power 

. .. - .  :. . -, .,+.-s- i. _. 

NRZI, IBM Compatible. 

800 CPI 

700 Characters/Second 

10 1/2 inches, 2400 feet. 

0 to 1 KHz asyn-chronous. 

0.6 inch 
. _  

3.8 inches 

IBM compatible gaps and ch-eck 
characters. - .  

0.5 inch (12.7 mm) wide, 1.5 mil 
(38.1 microns) thick, Computer 
grade. 

8 ounces (226.7 grams). 

50 ips (nominal) - 800 BPI. I 

150 microinches (3.8 microns) 
(max) at 800 cpi. 

1171230 vac 4 8  t o  400  Hz 
250 watts - 10 1/2. . -  



14.  Weight 

15.  Mounting 

I n p u t  Vol tage  

0 - 240  mV 

0 - 8 .0  V 

85 l b s .  (38.6 kg) f o r  1 0  1 / 2 .  

S t anda rd  E I A  rack mount. 

R 1  R2 Output  Vol tage  

RN6 OD2 4 3 1 F 0 - 1 0 0  mV 

RN60D8062F RN60D1001F 0 - 1 0 0  mV 

RN60D1001F 

16.  Opera t ing  Temperature  35" t o  122°F ( 2 "  t o  50°C). 

17 .  R e l a t i v e  Humidity 15  t o  95% (non-condensing) .  

18 .  A 1  t i t u d e  0 t o  2 0 , 0 0 0  f e e t .  

S c a l i n g  Networks: 
R 1  

:? 0 

Q 

I n p u t  
from 
Sensor  

$ R 2  o u t p u t  t o  
Data 
Logger 

Mount components on Cinch Jones  1 2 - 1 4 0  t e r m i n a l  board.  Mount 
t e r m i n a l  board on rear  of d a t a  l o g g e r  o r  thermocouple  r e f e r e n c e  
j u n c t i o n ,  whichever  i s  most conven ien t .  

C a l i b r a t i o n  C i r c u i t :  

B 1  - Mallory RM 4 2 R  

R 1  - R e s i s t o r  RN60D2742 

R2 - R e s i s t o r  RN60D1001F 

H 1  - B a t t e r y  h o l d e r  Cambion 2870 

TB1 - Terminal  s t r i p  - Jones  1 0 - 1 4 0  

* B a t t e r y  w i l l  be changed every  1 2  months. 
. .,.. . *,*.,*A. . 



c 

Hy-Cal 205-T Thermocouple Reference Junction: 

. .  

1. Model 205-T 

2. Reference temperature: 150'F 

3. Stability: *O.l'C. 

4. Ambient temperature A (-30 to +120°F): f0.25'F. 

5. Power: 115 VAC at 75 watts maximum. 

6. Input termination: Screw terminals. 

7. Output terminations : MS3102A connector, 

8. Type T (ISA) 

9. Channels: 26 
- -  

.- . - .  

10. Size: _ _  5 1/4" H X 17" W X 9" D (rack mount). -- 

- 

A-4.1.4 System Cost - .- 

The prices stated here are based on the vendor quotations recei-ved 
. at the time of inquiry and are provided only to show the relative 
cost of the Esterline Angus D-2020 Programmable Data Acquisi'tion 
System. 

$ 4,764 D-2020 basic system 
499 Low level span calibration 
623 Magnetic tape interface 
485 Character elimination 
242 Day counter 
208 
415 EBCDIC coding converter 

6,579 

402 Thermocouple reference junction 

End of record gap control 

Pertec 2 8 0 7 - 9  magnetic tape recorder 
17 Calibration circuit - 

- $14,234 

A-4.1.5 Total Recording Time Calculation 

A. Characters per scan: 

14 Channels for sunfall data 
+1 Channel for calibration signal 
15 Channels of data per scan 
x4 Characters p e r  channel 
60 Characters of data per scan 
+8 Characters per frame header per scan 
- 
68 Characters per scan 

4% " .-. , 

A-S8 



€3. Tape consumption p e r  scan:  

Recording d e n s i t y  =' 800 c h a r a c t e r s  p e r  i n c h  

68 c h a r a c t e r s  p e r  s can  
3 0 0  characters p e r  i nch  

C.  Record Length:  

D. 

Record gap = 0.6 i n c h e s  

Record time = 15 minutes  

Scan r a t e  = 8 scans  pe r  minute  

.085 i n c h  p e r  scan 
x 8 s c a n s  p e r  minute  
.680 i n c h  per  minute  
x 15 minutks  p e r  r e c o r d  
3400 

- - 0.085 i n c h  p e r  s can  

6 8 0  
10.200 i n c h e s  p e r  r eco rd  
+0.6 i n c h e s  p e r  r e c o r d  gap 
10.8 i n c h e s  p e r  r eco rd  

Recording T ime  f o r  Tape: 

Tape l e n g t h  = 2400 f e e t  

Number o f  r e c o r d s  p e r  hours  = 60 minutes /hour  = r e c o r d s  
15  minu tes / r eco rd  hour  

10.8 i n c h e s  p e r  r e c o r d  
x 4 r e c o r d s  p e r  hour  
43.2 i n c h e s  p e r  hour  

(2400  f e e t l t a p e )  ( 1 2  i n c h e s / f o o t )  
4 3 . 2  inches /hour  

hour s  
= 6 6 6  t a p e  

Using a-maximum of 15 hours  p e r  day o p e r a t i o n  of  t h e  s u n f a l l  
mon i to r ,  t h e  r e c o r d i n g  time i n  15 hour  days is:  

666 h o u r s / t a p e  = 4 4 . 4  d a y s / t a p e  1 5  hours/day 

E s t i m a t i n g  some wasted t a p e  f o r  s t a r t i n g  and s t o p p i n g  p l u s  
d imens iona l  t o l e r a n c e s  a t  10% less  t h a n  t h e  above c a l c u l a t i o n s :  

44.4 days  (per c a l c u l a t i o n s ]  



A - 4 . 2  Weather Measure Data Logger 

A - 4 . 2 . 1  General  D e s c r i p t i o n  

The M731-M9 D i g i t a l  Data Logger, a s  shown i n  F i g u r e  A . 4 - 3 ,  i s  a 
complete  d a t a  r e c o r d i n g  s y s t e x .  I t  a c c e p t s  a wide v a r i e t y  of 
ana log  ( o r  d i g i t a l )  s i g n a l s  and r e c o r d s  them i n  computer com- 
p a t i b l e  format  on magnet ic  t ape .  The l a t e s t  developments i n  
s o l i d  s t a t e  i n t e g r a t e d  c i r c u i t r y  a r e  u t i l i z e d .  

The M731-M9 Data Logger c o n s i s t s  of a s i g n a l  p r o c e s s i n g  s e c t i o n  
and a r e c o r d e r .  The s i g n a l  p r o c e s s i n g  s e c t i o n  c o n t a i n s  a 20- 
channel  m u l t i p l e x e r ,  ana log  t o  d i g i t a l  c o n v e r t e r ,  time code 
g e n e r a t o r ,  p a r i t y  g e n e r a t o r ,  and an o u t p u t  r e g i s t e r .  T h i s  
d i g i t a l  d a t a  l o g g e r  i s  a complete l i n k  between s e n s o r s  of  many 
t y p e s  and a computer.  

There are  t h r e e  modes of o p e r a t i o n :  s i n g l e  channel  (SC); s i n g l e  
scan  (SS) ; and con t inuous .  I n  t h e  " s i n g l e  scan" mode t h e  l o g g e r  
makes one complete  scan  a t  a r a t e  o f  one channel  p e r  second and 
i s  t h e n  i d l e  u n t i l  t h e  s t a r t  of t h e  nex t  s c a n .  The i n t e r v a l  
between s c a n s  is  s w i t c h - s e l e c t a b l e  a t  1, 2 ,  5 ,  1 0 ,  3 0 ,  o r  60 
minutes .  The l e n g t h  of t h e  scan is  a l s o  s w i t c h - s e l e c t a b l e  i n  
terms of t h e  number o f  channels  scanned b e f o r e  going i n t o  t h e  
i d l e  mode. Each scan  s t a r t s  a t  channel  number one and c o n t i n u e s  
through t h e  channe l  number se t  on t h e  thumbwheel s w i t c h  l a b e l l e d  

l .as t channe 1 I). 

I n  t h e  "cont inuous" mode t h e  logger  scans  a l l  channe l s  i n  sequence 
a t  t h e  r a t e  of  one channel  p e r  second.  
c e a s e s  o n l y  when t h e  ' 'stop'' b u t t o n  i s  pushed.  
r a t e s  are  a v a i l a b l e  upon r e q u e s t  as an o p t i o n .  Switch s e l e c t a b l e  
sampling r a t e s  of 1, 2 ,  5 ,  and 10 channe l s  p e r  second are  a l s o  
a v a i l a b l e  as an o p t i o n .  

"Continuous" scanning  
Other  sampling 

I n  e i t h e r  " s i n g l e  scan" o r  "cont inuous" modes time i s  r eco rded  
a t  t h e  beg inn ing  of each scan .  

The " s i n g l e  channel"  niode is  used t o  d i s p l a y  (no t  r e c o r d )  t h e  
l e v e l  of any c h a n n e l ' s  i n p u t .  

The scann ing  i s  accomplished by h i g h  performance r e e d  s w i t c h e s .  
These s w i t c h e s  a r e  des igned  t o  s w i t c h  low l e v e l  s i g n a l s  w i t h  a 
minimum of the rma l  o f f s e t  due t o  swi t ch  c o n t a c t s .  

An i n t e g r a t i o n  t y p e  of ana log  t o  d i g i t a l  c o n v e r t e r  i s  used.  The 
c o n v e r t e r  g e n e r a t e s  a BCD ou tpu t  of 1 2  b i t s  p l u s  s i g n .  I t s  i n p u t  
impedance is g r e a t e r  t h a n  100 megohms. The accuracy  i s  0.1% of 
r e a d i n g  ?r 1 m i l l i v o l t  a t  70°F wi th  a t empera tu re  c o e f f i c i e n t  of 
.005%/'F'when o p e r a t i n g  over  a t empera tu re  range  +3Z°F t o  140'F. 
Opera t ing  o u t s i d e  of these  t empera tu re  l i m i t s  i s  p c s s i b l z  with 
reduced accu racy .  The s t a n d a r d  i n p u t  v o l t a g e  range  is  5 one 
v o l t  f u l l  s c a l e .  
o r d e r .  

Other  i n p u t s  can be provided  f o r  on s p e c i a l  

A- 60 
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A - 4 . 2 . 2  Systems Components 

The Weather Measure System w i l l  c o n s i s t  o f  t h e  f o l l o w i n g  hardware: 
. .  

1. M731-M9 D i g i t a l  Data Logger w i t h  9 t r a c k  i n c r e m e n t a l  
magnet ic  t a p e  r e c o r d e r ,  20 ana log  c h a n n e l s ,  p l u s  
three d a t e  and time channe l s .  

2 .  Remote s t a r t / s t o p  c o n t r o l  c i r c u i t .  

3 .  Low l e v e l  i n p u t  c i r c u i t .  

4 .  S c a l i n g  networks t o  d i v i d e  0 - 240 m i l l i v o l t s  and 
0 - 8 . 0  v o l t s  s e n s o r  o u t p u t s  t o  t h e  0 - 1 0 0  m i l l i v o l t  
range  f o r  i n p u t  t o  t h e  M731-M9 d i g i t a l  d a t a  l o g g e r .  

unused channel  of t h e  d a t a  l o g g e r .  
r eco rded  and then  used by t h e  s o f t w a r e  a s  a s t a n d a r d  
reference f o r  de te rmining  i f  a m u l t i p l y i n g  f a c t o r  . 
shou ld  be used t o  c o r r e c t  s u n f a l l  d a t a  due t o  a m a l -  
f u n c t i o n  i n  t h e  d a t a  management subsystem. 

Thermocouple r e f e r e n c e  j u n c t i o n  t o  p r o v i d e  a c c u r a t e  
r e a d i n g s  from thermocouples used i n  t h e  system. 

5 .  C a l i b r a t i o n  c i r c u i t  t o  p rov ide  50 m i l l i v o l t s  t o  an  
Th i s  s i g n a l  w i l l  be  

6. 

A - 4 . 2 . 3  System S p e c i f i c a t i o n s  

S i g n a l  P rocesso r :  

o Data I n p u t  ............... Analog D i f f e r e n t i a l  Vo l t ages  

o I n p u t  Vo l t age ,  S t anda rd  .. * 1 V  p l u s  1 V  ove r range  

o No. of  Channels .......... 2 0  analog  channe l s  p l u s  2 t i m e  

o R e s o l u t i o n  ............... 1 mV 

words 

o Sampling Rate ............ 1 Channel p e r  second,  
o t h e r s  on s p e c i a l  o r d e r  

o Data D i s p l a y  Type ........ N I X I E  t y p e  

o Data Disp lay  Content  ..... Sign  and 3 d i g i t s  p l u s  1 
"overrange" s i g n a l  

.o Time Di sp lay  ............. Days, h o u r s ,  and minutes  

o Clcck  Type ............... Tuning Fork 



~ ~- _ -  ~ .......... _.._ -., ... . . . . . . . . . . . . . .  . . . . .  

o Clock Accuracy ........... *02%,  15  t o  3 S O C .  

0 Record Length ............ Time  p l u s  1 t o  20 analog channels  

o Accuracy ................. 0 . 1 %  f u l l  scale * 1 mV 

o Scan I n t e r v a l  ............ S e l e c t a b l e  i n  increments  of 
1, 2 ,  5, 1 0 ,  2 0 ,  30 and 60  minutes  

o Ambient Temp. Range ...... +32'F t o  140'F w i t h  a tempera ture  
c o e f f i c i e n t  of . 0 0 5 % / ' F .  

o Code Format, Magnetic .... IBM BCD, 9 - t r a c k ,  N R Z I  
Tape 

Magnetic Tape Deck: 

o Reel  S i z e  ................ 8 1 1 2 "  

o Tape Length .............. 2400 f e e t  

o Rewind T i m e  .............. 3 minutes  

o Incrementa l  Write ........ O t o  100 
Speed, Char./Second 

o Dens i ty  .................. 5 5 6  b p i  

o In t e r -Record  Gap Time .... 475 msec. a t  556 b p i  

o Reel Drive ............... Constan t  t o rque  ree l  motor 

o Captan Dr ive  ............. Permanent magnet DC s t e p p e r  motor 

o Tape ..................... 1 / 2  i nch  wide,  1 .5  m i l  t h i c k  

o Local C o n t r o l s  ........... Power On/Off; Load; Ready; 
F i l e  Gap; Rewind 

System: 

o Power Requirements ....... 115V, 50/60 Hz 

o Opera t ing  Cur ren t :  
M731-M (Magnetic Tape) .. I d l e ,  1 . O A ;  maximum, 1.5A 

o Dimensions: 
M731-M .................. 24-1/8" h x 21" w x 17". d 

o Shipping Weight: 
M731-M .................. 160 lbs. 

. .  



S c a l i n g  Networks: 

. R 1  . 

Inpu t  Vo l t age  

0 - 240  mV 

0 - 8.0 V 

Q 8 

o u t p u t  t o  I n p u t  
from 
s e n s o r  R2 

d a t a  l o g g e r  

R 1  R2 Output  Vol tage  

RN60D2431F RN60D1001F 0 - 100 mV 

RN60D8062F RN60D1001F 0 - 100 mV 

0 

Mount components on Cinch Jones  1 2 - 1 4 0  t e r m i n a l  board .  
t e r m i n a l  board  on rear of d a t a  l o g g e r  o r  thermocouple  r e f e r e n c e  
j u n c t i o n ,  whichever  i s  most conven ien t .  

Mount 

1.35V* 

P a r t s :  

B 1  - Mallory  W 4 2 R  

R 1  - R e s i s t o r  RN60D2742 

R2 - R e s i s t o r  RN60D1001F 

H 1  - B a t t e r y  h o l d e r  Cambion 2870 

TB1 - Terminal  S t r i p  - J o n e s  10-140 

* B a t t e r y  w i l l  be changed every  1 2  months. 
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Hy-Cal 205-T Thermocouple Reference  J u n c t i o n :  

1. Model 205-T 

2 .  Reference  t empera tu re :  150'F 

3 .  S t a b i l i t y :  *O.l°C 

4.  Ambient t empera tu re  A (-30 t o  +120°F):  fO. 25'F 

5 .  Power: 115 VAC a t  75 watts maximum. 

6 .  Inpu t  t e r m i n a t i o n s :  Screw t e r m i n a l s  

7.  Output  t e r m i n a t i o n s :  MS3102A connec to r  

8 .  Type T (ISA) 

9.  Channels :  26 

10. S i z e :  5 1 /4"  H x 17"  W x 9" D ( r a c k  mount) 

A - 4 . 2 . 4  System Cost  

The p r i c e s  s t a t e d  h e r e  are based on t h e  vendor  q u o t a t i o n s  r e c e i v e d  

c o s t  of  t h e  Weather Measure M731-M9 Data Logging System. 
. a t  t h e  time o f  i n q u i r y  and a r e  provided  on ly  t o  show t h e  r e l a t i v e  

$15,477 M731-F19 D i g i t a l  Data Logger 
138 Remote s t a r t / s t o p  c o n t r o l  c i r c u i t  
692 Low l e v e l  i n p u t  c i r c u i t  

402 Thermocouple r e f e r e n c e  j u n c t i o n  
1 7  C a l i b r a t i o n  module - 

$16,726 
A-4.2.5 T o t a l  Recording T i m e  C a l c u l a t i o n  

Weather Measure 's  p r o d u c t  c a t a l o g  number 772 s t a t e s  on page 168 
t h a t  w i t h  a 1 2 0 0  f o o t  magnet ic  t a p e  60  - 2 4  hour  days o f  r e c o r d i n g  
twenty  channe l s  of d a t a  p l u s  time can be accomplished w i t h  a 
scan  i n t e r v a l  of one minute  and an i n t e r r e c o r d  gap e v e r y  hour .  
I n  o r d e r  t o  de t e rmine  t h e  t o t a l  r e c o r d i n g  time f o r  a s c a n  i n t e r -  
v a l  of e v e r y  t e n  seconds and a 2400  f o o t  ree l  of  magnet ic  t a p e ,  
t h e  f o l l o w i n g  c a l c u l a t i o n  was performed.  

A. Number o f  24 hour-days of  r e c o r d i n g  a t  a 1 0  second 
s c a n  i n t e r v a l .  

- = 10 u a y S  60 days r e c o r d i n g  p e r  1 minute  scan  i n t e r v a l  
6-10 second scan  i n t e r v a l s  per minute 



C. 

D .  

Number of hour s  of r e c o r d i n g  p e r  2400  f o o t  magnet ic  t a p e  
r ee l .  

1 0  days  p e r  1200 f o o t  ree l  

240 hours  p e r  1200 f o o t  ree l  

480 hour s  o f  r e c o r d i n g  pe r  2400 f o o t  r ee l  

x 24 hours  p e r  day 

x 2 1200 f o o t  r e e l s  p e r  2 4 0 0  f o o t  r ee l  

Number o f  1 5  hour  days o f  r e c o r d i n g .  

480 hour s  o f  r e c o r d i n g  
15 hours  r e c o r d i n g  p e r  day 

Less 1 0 %  due t o  v a r i o u s  causes .  

= 3 2  days 

Dura t ion  approximate ly  29  days .  

A - 4 . 3  Kaye Data  Logger 

A - 4 . 3 . 1  General  Desc r iDt ion  

The Kaye System 8000 i s  shown i n  F i g u r e  A . 4 - 4 ,  
emphasis  has  been p l a c e d  on r e l i a b l e  o p e r a t i o n  w i t h  ambient  c o n d i t i o n s  
and common mode v o l t a g e  l e v e l s  t y p i c a l l y  
environments .  
s a fe ly  a t  common mode v o l t a g e s  i n  excess  of 400  v o l t s  w h i l e  i n t r o d u c i n g  
l e s s  t h a n  t l v V  of thermal  e r r o r .  
matches b o t h  s l o p e  and c u r v a t u r e  of t h e  o u t p u t  of  a thermocouple  
t o  g i v e  r e f e r e n c e  accuracy  of  ?O.l°F over  a wide range  of ambient  
t empera tu re .  

I n  t h e  Kaye 8000, 

found i n  i n d u s t r i a l  
The h e r m e t i c a l l y - s e a l e d  scanning  u n i t s  w i l l  o p e r a t e  

A unique e l e c t r o n i c  r e f e r e n c e  

Senso r s  connec ted  t o  t h e  System 8000 may be grounded o r  un- 
grounded.  The use of t h r e e - w i r e ,  s h i e l d e d  ana log  c i r c u i t s  and 
a t r i p l e - s h i e l d e d  t r a n s f o r m e r  i n  t h e  ana log  power supp ly  p r o v i d e  
a f u l l y  guarded system w i t h  maximum i s o l a t i o n  from l i n e  n o i s e  
and a common mode r e j e c t i o n  i n  excess of  140 db. 

Analog v o l t a g e s  are conve r t ed  t o  d i g i t a l  v a l u e s  by means of 
a d u a l - s l o p e  i n t e g r a t i n g  DWf having a c h o p p e r - s t a b i l i z e d ,  low- 
l e v e l  a m p l i f i e r  and a h i g h - l e v e l  A / D  c o n v e r t e r  w i t h  au tomat i c  
c o r r e c t i o n  f o r  z e r o  o f f s e t .  The f u l l - s c a l e  v a l u e  of  s t a n d a r d  
v o l t a g e  r anges  i s  2 0 , 0 0 0  c o u n t s ,  b u t  t h e  i n t e r n a l  f u l l - s c a l e  
count  is  2 0 0 , 0 0 0 .  
v o l t a g e  r anges  e l i i n i n a t e s  small coun t ing  e r r o r s .  

Div id ing  t h e  b a s i c  count  by t e n  on s t a n d a r d  

The g r e a t e r  number of i n t e r n a l  coun t s  and a new d i g i t a l  com- 
p u t i n g  c i r c u i t ,  v o l t a g e - t o - f u n c t i o n  c o n v e r t e r ,  p r o v i d e  accur?cy 
and f l e x i b i l i t y  i n  conve r s ion  of t r a n s d u c e r  o u t p u t s  t o  co r re spond ing  
v a l u e s  of e n g i n e e r i n g  pa rame te r s .  For example,  thermocouple  v o l t a g e s  
a r e  converted t o  t empera tu re  u n i t s  w i t h  a conformi ty  o f  +_l.O°F 
t o  t h e  1971 r e v i s e d  N a t i o n a l  Bureau of  S tanda rds  thermocouple  
t a b l e s  over  t h e  e n t i r e  normal range of  t h e  common thermocouple  
t y p e s .  
c i r c u i t s  s i m u l t a n e o u s l y ,  and i s  f i e l d  changeable  t o  a l low even 2 

Any system may c o n t a i n  up t o  t h r e e  independent  conve r s ion  

g r e a t e r  f l e x i b i l i t y .  E 
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A l l  system c o n t r o l s  a r e  opera ted  by e a s i l y  a c c e s s i b l e  f r o n t -  
p a n e l  s w i t c h e s .  The t ime,  channel i d e n t i f i c a t i o n  and d a t a  a r e  
d i sp l ayed  v i s u a l l y  and may be  recorded  s imul taneous ly  on t h e  b u i l t -  
i n  l i n e  p r i n t e r  o r  an o p t i o n a l  se r ia l  r e c o r d e r .  

The modular approach of t h e  System 8000 p rov ides  f l e x i b i l i t y  
and expansion c a p a b i l i t y  wi thou t  burdening t h e  b a s i c  system 
wi th  t h e  expense of f e a t u r e s  t h a t  a r e  unnecessary i n  many 
a p p l i c a t i o n s .  

t 1 
j 

i 
I 

A-4.3.2 System Components i 
The Kaye d a t a  logging  system w i l l  c o n s i s t  of t h e  fo l lowing  
hardware : 

1. Model 8001 Main Control  Unit  

The main c o n t r o l  u n i t  o f  t h e  System 8000 i n c l u d e s  
a l l  scanning and output  c o n t r o l s ,  a 4 1/2 d i g i t  
d u a l - s l o p e  i n t e g r a t i n g  DVM, d i g i t a l  computing 
c i r c u i t s  t o  conver t  t o  v o l t a g e  v a l u e s  of t r a n s d u c e r  
o u t p u t s  t o  corresponding eng inee r ing  u n i t s ,  a 
d i g i t a l  c lock  provid ing  time d a t a  and au tomat ic  
system c o n t r o l ,  v i s u a l  d i s p l a y  of t ime, channel  
i d e n t i f i c a t i o n  and d a t a ,  and a twenty-one column 
l i n e  p r i n t e r .  Standard o p t i o n s  inc lude :  s e r i a l  
o u t p u t  of d a t a  t o  a magnetic t a p e  r e c o r d e r ,  paper  
t a p e  punch, t e l e t y p e  o r  o t h e r  t ypes  of s e r i a l  
r e c o r d e r s ,  and e x t e r n a l  s t e p  and output  c o n t r o l  
f o r  remote. 

2 .  Option 1 D  - Days P r i n t  Out 

With o p t i o n  1 D  days,  hours  and minutes  w i l l  be  
recorded .  

3. Option 3P - Magnetic Tape I n t e r f a c e  

Th i s  o p t i o n  provides  an 8 b i t  s e r i a l  by c h a r a c t e r  
ASCII d a t a  ou tpu t  f o r  the  magnetic t a p e  u n i t .  

4 .  Model 8100 Scanning Module 

The Model 8100 i s  a t h i r t y - p o i n t ,  t h r e e - w i r e  scanning  
module des igned  t o  accept  up t o  t h r e e  ten-channel  
Model 8200 i n p u t  i n t e r f a c e  p l u g - i n s .  The scanning 
e lements  are completely immersed i n  o i l  w i t h i n  a h e r -  
m e t i c a l l y  s e a l e d  enc losu re ,  gua ran tee ing  u l t i m a t e  
r e l i a b i l i t y  and extremely low thermal  e r r o r s .  A ’ 
system may con ta in  up t o  33 Model 8100 modules. 
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5 .  

6. 

7 .  

8.. 

9.  

A-4.3.3 

Two-Model 8212 Vol tage  P l u g - I n  200  mV I n t e r f a c e  

I n  a d d i t i o n  t o  p rov id ing  t h e  i n p u t  t e r m i n a l s  f o r  
t e n  t h r e e - w i r e  i n p u t s ,  each Model 8200 p l u g - i n  
a u t o m a t i c a l l y  se lec ts  t h e  p rope r  v o l t a g e  range i n  
t h e  DVM and a c t i v a t e s  t h e  p rope r  v o l t a g e - t o - f u n c t i o n  
convers ion  c i r c u i t  w i t h i n  t h e  main c o n t r o l  u n i t .  

Kennedy Model 8230C/Model 8109 Tape Recording System 

The Kennedy model 8230C/Model 8109 i s  a f u l l y  
coord ina ted  system of magnetic t a p e  u n i t s  and 
f o r m a t t i n g  e l e c t r o n i c s  designed f o r  r e a d / w r i t e  
o p e r a t i o n s  i n  both  NRZl and t h e  newer 1600 CPI 
phase encoded t ape  formats .  

S c a l i n g  networks t o  d i v i d e  0 - 2 4 0  m i l l i v o l t s  and 
0 - 8 . 0  v o l t s  s enso r  o u t p u t s  t o  t h e  0 - 1 0 0  m i l l i -  
v o l t  range f o r  i npu t  t o  t h e  8000 d i g i t a l  d a t a  logge r .  

C a l i b r a t i o n  c i r c u i t  t o  provide  50 m i l l i v o l t s  t o  
an unused channel of  t h e  d a t a  l o g g e r .  
w i l l  be recorded  and then  used by t h e  so f tware  as 
a s t a n d a r d  r e f e r e n c e  f o r  de te rmining  i f  a m u l t i p l y -  
i ng  f a c t o r  should be used t o  c o r r e c t  s u n f a l l  d a t a  due 
t o  a mal func t ion  i n  t h e  d a t a  management subsystem. 

Thermocouple r e f e r e n c e  j u n c t i o n  t o  p rov ide  a c c u r a t e  
r e a d i n g s  from thermocouples used i n  t h e  system. 

T h i s  s i g n a l  

System S p e c i f i c a t i o n s  

Kaye 8000 S e r i e s  D i g i t a l  Data Logger: 

~ 

1. Number o f  Channels 

3 .  Maximum scan  r a t e  

3 .  Cdmmon mode v o l t a g e  

4 .  Common mode re j e c t  i o n  

5 .  Normal mode r e j e c t i o n  

6 .  Reso lu t ion  

1 0  t o  990 i n  10 channel  increments  

3 r ead ings / sec .  

400 VDC or AC 

1 4 0  db a t  DC g r e a t e r  t han  140 db 
above 50 Hz wi th  1 0 0 0  ohm un- 
ba l ance  

62 db a t  59 H z  i n c r e a s i n g  18 db 
p e r  oc t ave  wi th  i n f i n i t e  r e j e c t i o n  
every  10 Hz 

l v v ,  lOuv, 0 . 1  mv, and 1 mv fo r  
f u l l - s c a l e  v o l t a g e  ranges of 
20  mv, 200 mv, Z V ,  and ~ O V ,  
r e s p e c t i v e l y .  O.l°F o r  0.loC 
f o r  a l l  t empera tu re  ranges .  



i 
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7 .  Stability with time 30 days flpv*0.01% full scale *0.01% 
reading 
1 year 
*2pv*0.01% full scale *0.02% 
reading 

8. Stability with ambient Voltage Readings: 
temperature *0.2pv/°C*0.001% reading/"C. 

9. Input impedance Greater than 1000 megohms on thermocouple ranges and on 20 
mv, 200  mv, and 2 v ranges. 
1 megohm on 20 v range. 

10. Operating temperature 20°F to llO°F 

11. Power 105 VAC to 125 VAC, 50/60 Hz. 220 VAC operation is optional. 

Kennedy Model 8109 Magnetic Tape Unit: 

1. Data density 800/1600 
2.  Tape tracks 9 

3 .  

4. 
i 

5 .  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Tape Format NRZl/Phase-Encoded 

Tape velocity (ips) 25 std. 
10-37 1/2 avail. 

Speed variation 

Head type 

*3% instantaneous 
*l% long term 

Read - Aft e r - Wr i t e 

Interchannel displace- 150 micro-inches max. 
ment error at 800 cpi 

Start/Stop time 

Gaps Externally timed 

Parity Externally generated 

Tape tension 8 f0.5 oz. 

Reel size 10 1/2" (2400) 

Drive system 

Rewind speed (nominal) 150 ips 

15 ms fl ms at 25 ips 
(inversely proportional to speed) 

Sifigle caps tan  i80' wrap 

Tape unit interface DTL, low- true 
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I n p u t  Vo 1 t a g e  

0 - 240 mV 

0 - 8 . 0  V 

16 S i z e  

R 1  R2  Output  Vol tage  

RN60D2431F RN60D1001F 0 - 100 mV 
RN60D8062F RN6 OD 1 0  0 1 F 0 - 100 mV 

24.3" h igh  
19" wide 
11" deep 

17. Weight 

18.  Power 

1 9 .  Ambient t empera tu re  

20.  Humidi ty  (non- 

r ange  

condens ing)  

90 l b s .  

115/230V (230 VAC o p t i o n a l )  
+ l o #  
48 - 500 Hz 
350 VA 

15 - 95% RH 

S c a l i n g  Networks: ~1 

0 

I n p u t  
0 

s e n s o r  - -  d a t a  from Output  t o  
R2 l o g g e r  

8 0 

C a l i b r a t i o n  C i r c u i t :  

R 1  
r 0 50 m i l l i v o l t  o u t p u t  

t o  unused channel  
R2 on d a t a  l o g g e r  B1 - 

T 1.35V* 
" 0 

. .  
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Par ts :  

B 1  - Mal lo ry  RM42.R 

R 1  - R e s i s t o r  RN60D2742 

R2 - R e s i s t o r  RN60D1001F 

H 1  - B a t t e r y  h o l d e r  Cambion 2870 

TB1 - Termina l  s t r i p  - J o n e s  1 0  - 140 

* B a t t e r y  w i l l  be  changed e v e r y  12 months. 

Hy-Cal 205-T Thermocouple Refe rence  J u n c t i o n :  

1. Model 205-T 

2 .  Refe rence  t e m p e r a t u r e :  150°F 

3. S t a b i l i t y :  * 0 . l o C  

4. Ambient t e m p e r a t u r e  A ( -30  t o  +120°F):  * 0.25'F 

5. Power: 115 VAC a t  75 wa t t s  maximum 

6 .  I n p u t  t e r m i n a t i o n s :  s c rew te rmina ls  

7. Output  t e r m i n a t i o n s :  MS3102A c o n n e c t o r  

8. Type T (ISA) 

9.  Channels :  26 

10.  S i z e :  5 1 / 4 "  H x 17"  w x 9" D ( r a c k  mount) 

A-4.3.4 System Cost  

The p r i c e s  s t a t e d  h e r e  are based  on t h e  vendor  q u o t a t i o n  r e c e i v e d  
a t  t h e  time o f  i n q u i r y  and a r e  p r o v i d e d  o n l y  t o  show t h e  r e l a t i v e  
c o s t  o f  t h e  Kaye 8000 D i g i t a l  Data Logging System. 

$ 5,263 
346 
623 

1 , 1 7 7  
2 7 7  

8 ,518 
1 7  

402  m 

Model 8001 Main C o n t r o l  U n i t  
Opt ion  1 D  - Days P r i n t  Out 
Op t ion  3P - Magnet ic  Tape I n t e r f a c e  
Model 8100 T h i r t y  P o i n t  Scanning  Module 
Model 8212 V o l t a g e  P l u g - I n  200.0  mV 
Kennedy Model 8230C/Model 8107 
C a l i b r a t i o n  Module 
Thermocouple Reference  J u n c t i o n  

. 
I 
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A-4.3.5 T o t a l  Recording T ime  C a l c u l a t i o n s  

Bas is  : 

1. Record two channels  of  d a t a  p e r  second 

2 .  20 channe l s  p e r  scan 

3. 

4 .  

P r i n t  time on channel  000  o n l y  

Record 15  hours  p e r  day 

A channel  of  d a t a  i n  t h e  8000 system c o n s i s t s  o f :  

A. With time - 2 1  d a t a  c h a r a c t e r s  p l u s  " c a r r i a g e  r e t u r n " ,  
" l i n e  feed" ,  and " d e l e t e "  = 24 c h a r a c t e r s .  

B. Without  time - 11 d a t a  c h a r a c t e r s  p l u s  3 c o n t r o l  
c h a r a c t e r s  - 1 4  c h a r a c t e r s .  

T h e r e f o r e ,  a complete  scan  of 15 channe l s  c o n s i s t  of 290 c h a r a c t e r s .  

[l scan = ( 1  channel  x 2 4  c h a r a c t e r s )  

+ (19 channe l s  x 1 4  c h a r a c t e r s )  

channel  
= 290 c h a r a c t e r s  

channel  

S ince  one scan  takes  t e n  seconds ,  t h e r e  w i l l  be 1 7 4 0  c h a r a c t e r s  
p e r  minute .  

[ (6  scans /minute)  x (290 c h a r a c t e r s / s c a n )  = 1 7 4 0  c h a r a c t e r / m i n u t e ]  

Using 3,480 c h a r a c t e r s  p e r  b lock  ( 2  minutes  of r e c o r d i n g )  and 
r e c o r d i n g  a t  800 c h a r a c t e r s  p e r  i n c h  w i l l  r e q u i r e  4 .35 inches  of 
t a p e  p e r  b lock .  

[ (3480 c h a r a c t e r s / b l o c k )  i 

Adding an i n t e r - r e c o r d  gap o f  0.975 inches  g i v e s  5.325 inches /  
b lock  o r  0.44375 f e e t / b l o c k .  

(800 c h a r a c t e r l i n c h )  = 4.35 i n c h e s ]  
b lock  

[ (4 .35 i n c h e s / b l o c k  + 0,975 inches /b lock)  i (12 i n c h c s / f o o t )  
= .44375 f e e t / b l o c k ]  

Running a t  30 b l o c k s  p e r  hour  (60 minutes /hour)  and 15 hours  p e r  day 
2 minutes /b lock  

produces  450 b locks  p e r  day o r  199.6875 f e e t  of t ape /day  
[ ( S O  b locks /hour )  x (15 hours  p e r  day) x ( 0 . 4 4 3 7 5  feet j t iuckj  
= 199.6875 f e e t  o f  tape /day]  
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Using a 2400 f o o t  r e e l  of tape and record ing  approximately 200 
f e e t  of tape  pe r  day w i l l  provide 1 2  days of record ing  a t  a 
sample r a t e  of two samples per second. 

[ ( 2 4 0 0  fee t  of t ape )  + (200 f e e t  of tape/day)  = 1 2  days] 

Less 1 0 %  due t o  v a r i o u s  causes provides  a d u r a t i o n  of approximately 
11 days. 

A - 4 . 4  Metrodata/S Track Tape System 

A - 4 . 4 . 1  General Desc r ip t ion  

The Eletrodata model DL620, as  shown i n  Figure A . 4 - 5 ,  i s  a complete 
twenty-one channel d a t a  a c q u i s i t i o n  system which i s  capable of 
record ing  e i t h e r  analog o r  d i g i t a l  d a t a .  T h i s  u n i t  u t i l i z e s  
f r o n t  pane l  p r e s e t t a b l e  Real Time Clocks,  analog t o  d i g i t a l  con- 
v e r t e r s  and power s u p p l i e s  f o r  t h e  systems opera t ion .  A block 
diagram of t h i s  system is  shown i n  Figure A.4-6. 

bletrodata DL620 Data Logger so lves  the  problems encountered 
w i t h  d a t a  a c q u i s i t i o n  and da ta  r educ t ion  us ing  s t r i p  c h a r t s  
and meters.  Data can now b e  recorded i n  a computer con- 
p a t i b l e  format even a t  remote s i t e s .  Reams of c h a r t  paper  a r e  
e l i m i n a t e d ;  t h e  man-hours a s s o c i a t e d  w i t h  removing the  d a t a  from 
t h e  s t r i p  c h a r t s  a r e  e l imina ted ;  human e r r o r s  i n  i n t e r p o l a t i o n  
of d a t a  a r e  e l i m i n a t e d .  They have been e l imina ted  by i n s t a n t l y  
scanning and d i g i t i z i n g  the  incoming analog d a t a  and recording 
them wi th  t h e  time of day on magnetic t ape .  

A - 4 . 4 . 2  System Components 

The Metrodata DL620 System using a 9 t r a c k  recorder  t o  perform - 
t h e  d a t a  management func t ion  f o r  t h e  s u n f a l l  monitor w i l l  i nc lude  
t h e  fo l lowing  hardware: 

1. DL620 d a t a  logger  

A. DI500 d i g i t a l  i n t e r f a c e  card  f o r  a l / Z 1 )  computer- 
compat ible  magnetic t ape  u n i t .  - .  

B. A6A p reampl i f i e r  c a r d s  

2 .  Cipher Tape Transport  l O O M  - 360 

3 .  S c a l i n g  networks t o  d i v i d e  0 - 240  m i l l i v o l t s  and 
0 - 8 . 0  v o l t s  sensor  ou tpu t s  t o  t h e  0 - 1 0 0  m i l l i -  
v o l t  range f o r  i npu t  t o  t h e  D L 6 2 0  d i g i t a l  d a t a  
logger .  

4 .  C a l i b r a t i o n  c i r c u i t  t o  provide  50 m i l l i v o l t s  t o  an 
unused channel o f  t he  d a t a  logger .  This s i g n a l  
w i l l  be recorded and then  used by t h e  sof tware  
a s  a s t anda rd  r e fe rence  f o r  determining i f  a 
mul t ip ly ing  f a c t o r  should be used t o  c o r r e c t  

*G’ s u n f a l l  d a t a  due t o  a malfunct ion i n  t h e  d a t a  r”?, 

management subsystem. 1 



Figure  A . 4 - 5  Metrodata  DL620 Flodular Data A c q u i s i t i o n  System 

A clr 



A- 76 

I 

.- 

5 
k 
e4 
cd 

*r( 
R 

s 
cd 
k 
k 
OI 
\ 
0 
N 



5 .  Thermocouple reference junction to provide accurate 
readings from thermocouples used in the system. 

A - 4 . 4 . 3  System Specifications 

Metrodata DL620 Data Logger: 

1. 

2 .  

3 .  

4. 

5. 

6 .  

7 .  

8 .  

9. 

10. 

11. 

Number of data 
channel 

Input Characteristics 
Voltage 

I mpe dance 

Overvoltage limit 

Resolution 

Accuracy 

Conversion time 

Data scan rate 

Internal clock 

Accuracy 

Time record 

Data display 

Data polarity display 

21 Analog - Standard 
Expandable to 72 analog 
channels in increments of 2 4  
using the accessory AX-10 analog 
exapnsion module 

+IO millivolts to 21 volt full 
scale using the accessory PA-2 
Preamplifier with 2 data 
channels per module. 

1 megohm - (Differential) 
1 megohm each terminal to ground 

210 volts DC (without preamp) 

1 part in 1000 (0 to full scale) 

50.1% *1/2 L.S.B. 
from 0' t o  40'C 
51.0% +1/2 L.S.B. when using 
the PA-2 preamplifier 

10 Milliseconds 

(Selectable on order) 

Crystal controlled (1 MHz) 
time base 

2 2  seconds/day 

Days, hours, minutes, seconds 
from OOO:OO:OO:OO to 365(366): 
2 3 : 5 9 : 5 9  recorded each scan. 

3 Digit NIXIE indicators display 
data from the switch selected 
channel 

Indicator lamp ON when data is . 

negative 

&-' t 
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1 2 .  Temperature  range 

13. Humidity range  

14.  A l t i t u d e  range  

15. Power i n p u t  

16.  Dimensions 

17 .  Weight 

C iphe r  Tape Recorder  100M-360: 

1. Reel s i ze  

2 .  Tape l e n g t h  

3. Rewind time 

4. Inc remen ta l  wire 

5 .  I n t e r  Record Gap Time 

6 .  D e n s i t y  

7. Speed accuracy 

8.  B i t  s p a c i n g  accuracy  
( u s i n g  i n t e r n a l  
o p t i c a l  encoder )  

9. F i l e  gap time 

10 .  Reel Drive 

11. Capstan d r i v e  

1 2 .  Tape 

13. Format 

14 .  Local  C o n t r o l  G 
I n d i c a t o r s  

15.  Power 

0' t o  40'C 

0 %  t o  98% r e l a t i v e  humidi ty ,  
non-condensing 

0 t o  30,000 fee t  

1 1 7  VAC *10%,.50-400 H z ,  
35 watts  which w i l l  be conve r t ed  
t o  11 .5  t o  1 4  VDC, r eco rd ing  mode - 
2 . 4  amps, s t andby  mode - 1 6 0 - m . a .  

1 1 . 0 "  wide x 8.3" h i g h  x .11.1" deep 

18 pounds 

1 0  1 /2"  

2400' 

6 min 

0-600 c h a r . / s e c .  

- - - .  

175 msec. (50 msec. o p t i o n a l ]  

9 - t r a c k :  800 b p i  

*1% long term, 
*3% i n s t a n t a n e o u s  

*2% t y p i c a l  ( 2 4 %  w o r s t  case) 

- .  

250 msec: 
. .  . .  

Reel Servos  

DC motor w i t h  v e l o c i t y  a n d . '  
p o s i t i o n  s e r v o  

l / Z t t  wide,  1 . 5  m i l  t h i c k  - . -  

IBM compa t ib l e ,  9 - t r a c k ,  N R Z I .  - _  

Power On/Off, l o a d ,  ready ,  
f i l e  gap,  rewind 

115VAC 50-60 HZ 
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1 

16.  Pane l  h e i g h t  

17 .  Width 

\ .. 

18.  Depth 

0 

19.  Weight 

S c a l i n g  Networks: 
R 1  

8 e 

I n p u t  o u t p u t  t o  R2 d a t a  from 
s e n s o r  l o g g e r  

e e 

24  1 / 2 "  

19" 

1 2  1 /4"  

80 l b s .  

-.- 
I 

I RN60D243 I u - IUU mv 
RN6 OD8 0 6 - - - - - " - A  I 

I I 
0 - 100 mV 2F I RN60Dlnnlr: I 

I I 

Mount components on Cinch Jones  1 2 - 1 4 0  t e r m i n a l  board .  Mount 1 

t e r m i n a l  board on r e a r  o f  d a t a  l o g g e r  o r  thermocouple  r e f e r e n c e  
j u n c t i o n ,  whichever  i s  most convenient .  

C a l i b r a t i o n  C i r c u i t :  

B 1  - Mallory  RM42R 

R 1  - R e s i s t o r  RN60D2742 

R 2  - R e s i s t o r  RN60D1001F 

H 1  - B a t t e r y  h o l d e r  Cambion 2870 

TB1 - Terminal  s t r i p  - Jones  10-140 

* B a t t e r y  w i l l  be changed every  1 2  months. 



' C  '.. 

Hy-Cal 205-T Thermocouple Reference Junction: 

1. 

2 .  

3 .  

4. 

5. 

6. 

7. 

8. 

9. 

- 10. 

A-4.4.4 

The prices sta 
at the time of 
cost of the Fle 

$ 5,886 
623 
685 
76 

5,817 
17 
402 m 

Model 205-T 

Reference Temperature: 150'F 

Stability: k0.1'C 

Ambient temperature A (-30 to + 120'F) : 

Power: 

Input terminations: screw terminals 

Output terminations: MS3102A connector 

Type T (ISA) 

Channels: 26 

Size: 

-+0.2S°F 

115 VAC at 75 watts maximum 

5 1/4" H x 18" W x 9" D (rack mount) - - -  

System Cost . -. 

ted here are based on the vendor quotat 
inquiry and are provided only to show 
trodata DL620/9-track Tape- Digital Data 

DL620 data logger 
DI-500 digital interface 
PA-2 preamplifier 
MI-8 rack mount 
Cipher 100bf-360 tape recorder 
Calibration circuit 
Thermocouple reference junction 

A-4.4.5 Total Recording Time Calculation 

ions received 
the relative 
Log ge 

Assumptions: 

Data Density = 800 characters/inch. 

Scan Length = (16 channels/scan) (4 character/channel) 
+ parity + preparity 

= 66 characters/scan 

Record Length = (66 characters/scan) x (16 scans/record) 
= 1056 characters/record 
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Computat ions:  

1. The l e n g t h  of t a p e  f o r  one s c a n  th rough  16 
channe 1s. 

66 c h a r a c t e r s / s c a n  + .75 i n c h / r e c o r d  
800 c h a r a c t e r s / i n c h  16  s c a n s / r e c o r d  A.  1 s c a n  = 

1 s c a n  = 0.0825 i n c h  + .0469 i n c h  
1 s c a n  = 0.1294 i n c h  

B.  T h i s  l e n g t h  will be consumed each  1 0  seconds  
w h i l e  i n  t h e  10 second s c a n  ra te .  

2 .  D u r a t i o n  of  one t a p e  i s  t h e r e f o r e :  

D u r a t i o n  = 1 0  seconds / scan  [2400 f e e t  x 1 2  i n c h e s / f o o t ]  
0 . 1 2 9  i n c h e s / s c a n  

D u r a t i o n  = 2,225,656 seconds  

D u r a t i o n  = 618.2 h o u r s  
f o r  a 1 5  hour  r e c o r d i n g  day:  

D u r a t i o n  = 4 1 . 2  days (15 hour s /day )  

Less 1 0 %  duc t o  v a r i o u s  r e a s o n s ,  

D u r a t i o n  a p p r o x i m a t e l y  37 days  (15  hour s /day )  

A - 4 . 5  Datel Data Logger 

A-4 .5 .1  Genera l  D e s c r i p t i o n  

The Datel  LPS-16 D i g i t a l  Data Logger,  as shown i n  F i g u r e  A.4-7, i s  
a comple t e  package f o r  r e c o r d i n g  m u l t i - c h a n n e l  ana log  d a t a  and s i n -  
g l e  c h a n n e l  d i g i t a l  d a t a .  
p a c t n e s s  making i t  e s p e c i a l l y  s u i t a b l e  f o r  remote d a t a  l o g g i n g  
a p p l i c a t i o n s  i n  u n a t t e n d e d  a r e a s  ove r  l ong  time p e r i o d s .  
accommodate up t o  16 c h a n n e l s  of  a n a l o g  i n p u t  and any number of 1 6  
b i t  b y t e s  of d i g i t a l  d a t a  i n  s e r i a l  form. 
can be s e q u e n t i a l l y  o r  randomly m u l t i p l e x e d ,  c o n v e r t e d  i n t o  d i g i t a l  
form, f o r m a t t e d  and s t o r e d  on a s t a n d a r d  P h i l l i p s  c a s s e t t e .  
ma te ly  1 2 0 , 0 0 0  samples  o f  d a t a  a long  w i t h  i d e n t i f y i n g  channe l  number 
can be s t o r e d  on one c a s s e t t e .  

I t  f e a t u r e s  low power consumption and com- 

I t  w i l l  

The ana log  d a t a  i n p u t s  

Approxi -  

A f u n c t i o n a l  b l o c k  diagram of t h e  sys tem i s  shown i n  F i g u r e  A.4-8. 
The i n p u t s  r e q u i r e d  are up t o  1 6  ana log  v o l t a g e s ,  one d i g i t a l  i n p u t  
c h a n n e l ,  c o n t r o l  l o g i c  s i g n a l s  and power. 
v e n i e n t l y  d i v i d e d  i n t o  two subsys tems;  a n a l o g  m u l t i p l e x i n g  and 
d i g i t i z i n g  i s  one ,  and t h e  d i g i t a l  r e c o r d i n g  i s  t h e  o t h e r ,  

System LPS-16 u t i l i z e s  C/MOS type  l o g i c  t h r o u g h o u t ,  t h u s  
n e g l i g i b l e  s t a n d - b y  power i s  consumed. 
A/D c o n v e r s i o n  and s t o r a g e  on t a p e  is  any a p p r e c i a b l e  c u r r e n t  
consumed. 
p e r i o d s  on b a t t e r y  w i t h  low average  power. 

The sys tem can be  con-  

Only d u r i n g  t h e  a c t u a l  

e' T h e r e f o r e ,  t h e  LPS-16 may be o p e r a t e d  f o r  l o n g  



b c 

F i g u r e  A.4-7 

--- - - - -  
- - __-I_--- -----I__ ~ . .  . 

i 

Date1 LF‘S-16 D i g i t a l  Data Logger 
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C a s s e t t e  t a p e s  p repa red  i n  t h e  system may be read  w i t h  t h e  Datel 
Systems LPS-16R Reader system which p rov ides  a 16 b i t  p a r a l l e l  
o u t p u t  of  t h e  d a t a  on t a p e  a t  a r a t e  of about 90  s i x t e e n  b i t  
words p e r  second.  Each word c o n s i s t s  of a 1 2  b i t  A/D v a l u e  
p l u s  4 b i t  channel  addres s .  This  LPS-16R reade r  r ecogn izes  
and s t o p s  on r e c o r d  gaps f o r  convenient  computer i n t e r f a c e .  

A-4.5.2 System Components - -  

The D a t e l  LPS-16 D i g i t a l  Data Logger System w i l l  r e q u i r e  t h e  
fo l lowing  hardware which w i l l  r e q u i r e  assembly: 

. 

1. 
---- -_.__ ___ .~ .. - 

LPS-16-12B - <  Date l  Data Logger 

2 .  Inpu t  s igna l :  c o n d i t i o n e r  

3.  Cont ro l  logi-c 

4 .  Clock 

- 
_ I  - 

5 .  1 2 ~  power Siipp~y--- 

6. I 5V power supply  - 
7. S c a l i n g  networks t o  d i v i d e  0 - 2 4 0  m i l l i v o l t s  and 

- < 

0 - 8 . 0  v o l t s  s enso r  o u t p u t s  t o  t h e  0 - 1 0 0  m i l l i -  
v o l t  r a n g e  f o r  i npu t  t o  t h e  LPS-16 d i g i t a l  d a t a  
l o g g e r .  / 

- -- -____ - 
8 .  C a l i b r a t i o n  c i r c u i t  t o  provide  50 m i l l i v o l t s  t o  an 

unused channel  of t h e  d a t a  l o g g e r .  This  s i g n a l  
w i l l  be recorded  and t h e n  used by t h e  s o f t w a r e  
as a s t a n d a r d - r e f e r e n c e  f o r  de te rmining  i f  a 
m u l t i p l y i n g  f a c t o r  should  be used t o  c o r r e c t  
s u n f a l l  da_tardue t o  a mal func t ion  i n  t h e  d a t a  
management subsystem. 

4 - 
One time hardware- requiFed to-produce a 9 -  t r a c k  computer compat ib le  
t a p e  i n c l u d e s  : - - 

1. LPS-16R c a s s e t t e  t a p e  r e a d e r  - 
Reader t o  9 - i r a k k  t a p e  i n t e r f a c e  

- -. 

2 .  

3 .  9 - t r a c k  t a p e - r e c o r d e r .  -- - 
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A - 4 . 5 . 3  System S p e c i f i c a t i o n s  

Date1 LPS-16-12B Data Logger: 

ANALOG INPUTS 

Number of Analog I n p u t s  

I n p u t  Channel C o n f i g u r a t i o n  

I n p u t  Vol tage  Ranges 

Channel Inpu t  Impedance 

Channel Inpu t  Overload 

Channel Mode of Opera t ion  

Channel Inpu t  A c q u i s i t i o n  T i m e  

SYSTEM PERFORMANCE 

System Aper ture  Time 

System Accuracy 

System L i n e a r i t y  

A/D R e s o l u t i o n  

System Temperature C o e f f i c i e n t  

System Throughput Rate 

I n p u t  Channel Scan Rate 

A / D  D i g i t a l  Output Coding 

Cassette Tape S to rage  Method 

Cassette Tape Format ( 2 )  

Cassette Tape Record Gap 

Cassette Tape End-o f -F i l e  Gap ( 3 )  

16 

S i n g l e  ended 

OV t o  -5VFS o r  f5VFS 

100 megohms "ON" o r  "OFF" 

f 1 0 V  (max.) 

Random o r  S e q u e n t i a l  

10Opsec - i n c l u d e s  i n p u t  
s e t t l i n g  time 

50  nsec  

*0.025% of FS f 1 / 2  LSB 

* 1 / 2  LSB 

8 ,  1 0 ,  1 2  Binary B i t s  

*O.O04%/*C 

200  msec p e r  16 b i t  word 
(12 b i t  A/D p l u s  4 b i t  channel 
addr  es s) 

Up t o  5 p e r  second 

S t r a i g h t  Binary - Unipolar  Inpu t  
O f f s e t  Binary o r  2's complement - 
Bipo la r  Inpu t  

Two channel  N R Z I :  Track #1 - 
Data,  Track % 2  - Data (Complement) 

16 b i t  words (12 A/D b i t s  p l u s  4 
b i t s  f o r  channel  addres s )  

Two b i t  gap s e p a r a t e s  each 16 
b i t  word 

S i x t e e n  b i t  f i l e  gap i s  recorded 
every  64 th  word 

. .+ 



SYSTEM CONTROL INPUTS (1) - .- 

Random Address Inpu t s  

Random/Sequent i a l  Input  

Device S e l e c t  Input  

Convert Inpu t  

Mul t ip l exe r  Reset 

S t robe  Input  

A u x i l i a r y  S e r i a l  Data i n  

Data S e l e c t  Input  

S t a r t  Two i n  

S t a t u s  

Load Forward 

SYSTEbl CONTROL OUTPUTS (1) 

Frame Sync Output 

A/D Busy Output 

A- 86 

S e l e c t s  analog channel ,  
four  l i n e s  8-4-2-1-negat ive t r u e  
l o g i c  

S e l e c t s  mul t ip lexer  mode, 
one l i n e  - l o g i c  zero s e l e c t s  
random mode 

Cont ro ls  a l l  input  command l i n e s ,  
one l i n e  - negat ive  t r u e  l o g i c  

I n i t i a t e s  A/D conversion,  
one l i n e  - negat ive  t r u e  l o g i c  

Resets  m u l t i p l e x e r - t o  channel one, 
one l i n e  - negat ive  t r u e  l o g i c  

S t robes  a l l  input  l i n e s  and 
i n t e r n a l l y  s t o r e s  them, 
one l i n e  - negat ive  t r u e  l o g i c  

Permits  c a s s e t t e  recording o f  
EXT. s e r i a l  da t a  i n  16 b i t  
by te s  - one l i n e  - 
Permits  recording of e i t h e r  A/D 
ou tput  o r  EXT. s e r i a l  d i g i t a l  d a t a ,  
one l i n e  - l o g i c  one s e l e c t s  A/D 
ou tput  

I n i t i a t e s  recording of e x t e r n a l  
s e r i a l  d a t a ,  
one l i n e  - t r i g g e r s  on nega t ive  
going t r a n s i t i o n  . _  - 

P o s i t i v e  during a recording c y c l e ,  
one l i n e  - p o s i t i v e  t r u e  l o g i c  

Advances c a s s e t t e  t ape  o f f  l e a d e r  
t o  recording p o s i t i o n ,  
one l i n e  - negat ive  t r u e  l o g i c  

. .  

I d e n t i f i e s  channel one, 
one l i n e  - p o s i t i v e  t r u e  l o g i c  - 

I d e n t i f i e s  A/D conversion i n  
p r o c e s s ,  
one l i n e  - p o s i t i v e  t r u e  l o g i c  
(during conv . ) 



Write Clock Output 

F i l e  Gap Output 

Power On Reset Output 

S t o r a g e  Media: 

S t o r a g e  Method. I 

Number o f  Tracks  

Tape Format 

Record Gap 

F i l e  Gap 

Tape S t o r a g e  Capac i ty  

Write Speed 

Data Input /Output  

Motor 

Motor S t e p  Angle 

Angular  Accuracy 

Tape Motion C o n t r o l  

Tape Tens ion  

When ga ted  w i t h  f i l e  gap o u t p u t ,  
i t  p rov ides  s h i f t  s i g n a l s  f o r  
a u x i l i a r y  d a t a  i n p u t ,  
one l i n e  - p o s i t i v e  t r u e  l o g i c  

When ga ted  w i t h  wr i te  c lock  o u t p u t ,  
i t  p rov ides  s h i f t  s i g n a l s  f o r  
a u x i l i a r y  d a t a  i n p u t ,  
one l i n e  - p o s i t i v e  t r u e  l o g i c  

Generates  n e g a t i v e  going p u l s e  
when system power i s  tu rned  on, 
one l i n e  - n e g a t i v e  t r u e  l o g i c  

S tandard  P h i l l i p s  c e r t i f i e d  
d a t a  c a s e t t e  300 f o o t  l e n g t h  

2 Channel N R Z I  

TWO: Data on t r a c k  one 
Data comple'ment on t r a c k  two 

1 6 - b i t  words 
(12 A/D d a t a  b i t s  and 4 channel  
addres s  b i t s )  

Two s t e p  r eco rd  gap f o r  every  
16 b i t  word 

S i x t e e n - b i t  f i l e  gap every 
64th  word 

120,000 s i x t e e n - b i t  words 
i n c l u d i n g  gaps and load  forward 

90 s t e p s  p e r  second 
5 s i x t e e n  b i t  words p e r  second 
(max.) 

S e r i a l  NRZI  

S i n g l e  1 .5 '  a n g l e  s t e p p e r  coupled 
t o  t a k e - u p . r e e l  by s l i p  c l u t c h  
mechanism 

l.SO 

* 8  min. of a r c  non-accumulat ive.  

S i n g l e  caps t an  p inch  r o l l e r  d r i v e .  
Head engages mechanica l ly  dur ing  
wr i te  time 

0 . 4  0 2 .  i nches  



E r r o r  Rate 

Type of  C a s s e t t e  Loading F ron t  

1 b i t  i n  l o 7  

Recording Head 

Opera t ing  Mode 

Dual channel  s i n g l e  gap 
High q u a l i t y  d i g i t a l  t y p e  

Write o n l y  

PHYSICAL ENVIRONblENTAL SPECIFICATIONS 

I n p u t  Requirements  + 12VDC * 8 %  
80ma when r e c o r d i n g  (960 mw) 
1 0 p a  d u r i n g  s t andby  ( 1 2 0 ~ ~ )  
NOTE: I n c l u d e s  t a p e  t r a n s p o r t  
p l u s  a l l  e l e c t r o n i c s  

- 1 O O C  t o  +6OoC 

-35OC t o  7OoC 

.. O p e r a t i n g  Temperature  Range 

S t o r a g e  Temperature  Range 

R e l a t i v e  Humidity 

Shock 4 V i b r a t i o n  

. P h y s i c a l  S i z e  lV/Electronics  
( i n c l u d e s  e l e c t r o n i c s )  

E l e c t r o n i c s  

Weight 

1/0 Mating Connectors  

10% t o  95% w/o condensa t ion  

1 . O G  @ 0-50  c p s ,  a l l  3 axes 

4" h igh  x 4 1 /2"  wide x 7 1 / 2 "  deep 
(6 1 / 2 "  deep behind p a n e l )  

Contained on f o u r  p l u g - i n  PC 
c a r d s  mounted on a removeable 
PC mother board 

2 l b s .  i n c l u d e s  r e c o r d e r  and 
e l e c t r o n i c s  

C inch-pa r t  #251-22-30-160 - (I/O 
command s i g n a l s )  
E l c o - p a r t  300-8218-24-722-005- 
(16 channel  ana log  i n p u t s ,  
l o c a t e d  on t o p  rear  of  mux/S$H 
c a r d )  

NOTES : (1) A l l  i n p u t / o u t p u t  c o n t r o l  s i g n a l s  a re  a t  s t a n d a r d  
C/MOS l o g i c  l e v e l s ,  Logic  ze ro  - OV t o  +3V, 
Logic one - +9V t o  + 1 2 V  

( 2 )  Jumper connec t ions  can be made on t h e  forma. t ter  

For example an 8 b i t  A/D c o n v e r t e r  w i t h  
c a r d  a l lowing  s e l e c t i o n  o f  e i t h e r  1 2  o r  1 6 , b i t  
words.  
15 m a l o g  chaimels  would r e q u i r e  on ly  a 1 2  b i t  
word l e n g t h .  

(3)  Jumper connec t ions  can be made on t h e  f o r m a t t e r  
c a r d  a l lowing  f o r  f i l e  gaps eve ry  1 6 ,  32, o r  64 
words.  

. -~ -. 2.. -&-- 



W c 

(4 )  The LPS-16 data logger is shipped completely assembled 
It is only necessary to connect and ready to operate. 

the analog input signals, control signals, and 12 VDC 
power source plus inserting a cassette to begin record- 
ing - 

(5) An extremely important factor in the reliability of 
the LPS-16 data logging system is the cassette itself. 
Only a properly certified tape cassette should be 
used. The mechanical tolerances of the cassette 
cartridge and tape tension are also significant 
factors in the reliability of operation of the LPS- 
16 system. The pleferred tape cassette is Date1 
Systems Type-TC-1. 

Instrumentation Amplifier: 

1. 8 Each Burr Brown Model 3088-16 

2 .  Basis of selection: Performance - good common mode 
rejection. Adjustable gain, good temperature/drift 
stability; efficiently packaged, priced below most 
competitive amplifiers which usually have a higher 
slew rate and higher frequency response which is 
unimportant for this application. 

3 .  Input Z: 5 x loll~ (gain 1 to 1100 variables) - 

- -  - _  - 

4 .  Output: *lOVdc (noise 6 mv rms @ B - 1100, 30pV @ B = 1) 

5. Dimensions: 3.5" H x 1.063'' W x 7.03" D 

6. Temp. range: 0 to 6OoC 

7.  Power requirements: fl5VDC @ f35 ma 

Powered Rack Adapter :' 

1. 1 Each Burr Brown - Model 500/16 
2 .  The rack will accommodate 10 of the 3088/16 amplifiers 

and supply necessary power and interface connections 
for the amplifiers. 

3 .  Input: 105 - 125 V rms @ 50 to 400 Hz. 

4 .  Output Voltage: *15 Vdc @ 100 ma reg. to *0.1%. 

5 .  Rack is standard 19" instrument rack x 3.5" high 
x approximateiy 12"  deep. 

6. Temp. Range: -25OC to +7OoC. 

7 .  Weight of rack and 10 amplifiers approximately 25 pounds. 
..- 



The n e c e s s a r y  i n p u t  c o n t r o l  l o g i c  w i l l  be  des igned  i n t o  t h e  
E lec t r i ca l  Power C o n t r o l  Subsystem t o  p r o v i d e  f o r  remote ope ra -  
t i o n .  

Anadex Clock: 

Model: CK-610 

Reference :  

T h i s  c lock  i s  s u p p l i e d  w i t h  t h e  time r e f e r e n c e  d e r i v e d  from 
t h e  60  Hz ( o r  50 Hz) power l i n e  f requency .  A 1 MHz c r y s t a l  
c o n t r o l l e d  r e f e r e n c e  i s  o f f e r e d  as an o p t i o n .  

BCD Output:  

DTL/TTL p o s i t i v e  t r u e  1, 2 ,  4 ,  8 BCD p a r a l l e l  o u t p u t  i s  p rov ided .  

Logic  "1" = + 2 . 4  V t o  +5.V maximum unloaded.  - 

Logic "0" - +0.4 VDC maximum w i t h  s i n k  c u r r e n t  c a p a c i t y  of 
6 MA maximum. 

Output  S igna l s :  

The fo l lowing  DTL/TTL compat ib le  o u t p u t  s i g n a l s  a re  provided:  

a) 1 PPS 

b) 

c) 1 Pu l se  ev-ery minute  

d)  1 Pulse  e v e r y  hour  

e) 

1 Pu l se  eve ry  1 0  seconds  

1 P u l s e  every  1 2  hour s  

Power Input :  

A l l  s t a n d a r d  models a r e  capable  of f u n c t i o n i n g  from 115/230 VRMS, 
60  Hz ( o r  50 Hz). Those models i n c l u d i n g  t h e  1 MHz c r y s t a l  o p t i o n ,  
w i l l  o p e r a t e  w i t h  a power l i n e  f requency  of 50 t o  400 Hz. 

Rear Con t ro l s  and Connect ions:  

On/Off power s w i t c h  i s  mounted on t h e  rear  o f  t h e  in s t rumen t .  

A f u s e h o l d e r  and t h e  mating connec tor  f o r  t h e  d e t a c h a b l e  power 
c o r d  are  mounted on t h e  r e a r  o f  t h e  i n s t r u m e n t .  

A s i n g l e  connec to r  p r o v i d e s  access t o  t h e  BCD o u t p u t  and t o  t h e  
v a r i o u s  i n t e r f a c e  s i g n a l s .  

Enc 1 o s u r e  : 

The ins t rumen t  i s  mounted on a "graphic  pane l"  measuring 4.5" H 
x 9.5" W. Dimensions behind t h e  f r o n t  pane l  a r e  3.5" H x 
8.5" W x 15.2" D. 
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Seal i n g  Nc tworks : 
R 1  

8 
I n p u t  4 

s e n s o r  
from o u t p u t  t o  d a t a  

R 2  l o g g e r  - 0 

Input  Vol tage  

0 - 2 4 0  mV 

0 - 8.0  V 

R 1  R 2  Output  Vol tage  
.- 

RN60D2431F RN60D1001F 0 - 100 mV 

0 - 1 0 0  mV RN60D8062F RN60D1001F 

B1 - Mallory  RM42R 

R 1  - R e s i s t o r  RN60D2742 

R2 - R e s i s t o r  RN60D1001F 

H 1  - B a t t e r y  holdercambion  2870 

TB1 - Terminal  s t r i p  - Jones  10-140 

* B a t t e r y  w i l l  be changed eve ry  1 2  months. 



LPS-16R Reader:  

1. Data I n p u t :  S e r i a l  'NRZI 

2 .  Data Output :  16 P a r a l l e l  Data B i t s  

3. Dimensions : 

4 .  Power: 115 VAC 

6" H x 17" W x 9" D 

Reader t o  9 Track Tape I n t e r f a c e :  

The r e q u i r e d  i n t e r f a c e  u n i t  w i l l  have t o  be des igned  and b u i l t -  
t o  t r a n s f e r  t h e  d i g i t a l  d a t a  from t h e  r e a d e r  t o  t h e  9 t r a c k  t a p e  
u n a .  - _-___ 

Kennedy 9 Track Tape Recorder :  
- ---_ 

-1. Model 1610/360 - - 

2 .  Write Rate: 0 - 5 0 0  Charac te r s / second  

3 .  Dens i ty :  800 BPI *3% 

4 .  In t e r -Channe l  800 BPI - f150  micro inches  Displacement  E r r o r :  

5 .  Tape Format: 

6 .  Reel S i z e :  

-.. . -. 

7. Rewind T i m e :  

8 .  Tape Tens ion:  

9 -Track ,---IBN compa t ib l e  N R Z I  

1 0  1 / 2  i n c h e s ,  
1 /2 - inch  s t a n d a r d  computer 
t a p e  1 . 5  mil 

Less t h a n  3 minutes  

2 ounces 

GAPS AND MARKS 

9 .  I n t e r - R e c o r d  Gap: 3/4  i n c h  I R G  a u t o m a t i c a l l y  g e n e r a t e d  upon e x t L r n a l  command. 
I R G  time i s  l e s s  than  550 ms 
a t  800 BPI.  

10.  F i l e  Gap: S tanda rd  3 1 / 2 - i n c h  f i l e  ,gap 
a u t o m a t i c a l l y  g e n e r a t e d  upon 
e x t e r n a l  command o r  by f r o n t  
p a n e l  pushbo t ton .  

11. F i l e  Mark: S t anda rd  b i n a r y  1 5  F i l e  Mark w r i t t e n  a t  c o n c l u s i o n  of  f i l e  
gap.  F i l e  Mark i s  fo l lowed 
by 3 / 4  i n c h  Record Gap. 

4 
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1 2 .  Beginning of 
Tape Gap: 

I n  load ing  o p e r a t i o n ,  BOT 
marker i s  sensed and 1 / 2  i nch  
gap i s  a u t o m a t i c a l l y  i n s e r t e d .  

13. Vert ical  P a r i t y :  I n t e r n a l l y  gene ra t ed  and recorded  
i n  t r a c k  C .  
i s  s e l e c t e d  by e x t e r n a l  l e v e l .  

Odd o r  even p a r i t y  

1 4 .  Long i tud ina l  P a r i t y  : I n t e r n a l l y  gene ra t ed .  LCC i s  
w r i t t e n  p r o p e r l y  spaced from 
end of  r eco rd .  

FRONT PANEL CONTROLS 

15. Load Forward : 

16. Power: 

17. Ready : 

18. F i l e  Gap: 

19 .  Rewind: 

Au tomat i ca l ly  advances t a p e  t o  
load  p o i n t  and i n s e r t s  BOT. 
After  load  o p e r a t i o n ,  p r e s s i n g  
t h i s  b u t t o n  causes  t a p e  t o  be 
advanced a t  1 0 0 0  s t e p s  p e r  second. 

ON/OFF 

I n d i c a t e s  t h a t  machine i s  ready 
t o  a c c e p t  d a t a .  Machine ach ieves  
Ready s t a t u s  upon p a s s i n g  Load 
P o i n t  marker. I f  READY b u t t o n  
and LOAD FORWARD b u t t o n  are 
p r e s s e d  s imul t aneous ly ,  Ready 
s t a t u s  i s  achieved wi thout  marker. 

P r e s s i n g  t h i s  b u t t o n  causes  a f i l e  
gap t o  be i n s e r t e d .  

I n i t i a t e s  rewind motion. Rewind 
cannot  be s topped u n t i l  Load P o i n t  

. marker i s  reached,  whereupon s t o p  
i s  automat ic .  

20 .  Remote Con t ro l s :  A l l  c o n t r o l s  a r e  brought  ou t  f o r  
remote o p e r a t i o n .  

INTERFACE REQUIREMENTS 

2 1 .  I n p u t s :  S tandard  i n t e r f a c e  i s  DTL com- 
p a t i b l e  w i t h  c u r r e n t  s i n k i n g  
p o s i t i v e  l o g i c  having a "one" 
leve l  of  +4V t o  +6V and a "zero" 
l e v e l  of  OV f0.5V f u n c t i o n s ,  
except  remote c o n t r o l s  which 
r e q u i r e  c l o s u r e s  t o  ground, a r e  
i n i t i a t e d  by "one" l e v e l s .  "zerot t  
l e v e l s  should  be capable  of s i n k i n g  
5 ma. 



- 
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22 .  o u t p u t s  : Outputs  gene ra t ed  have "one" 
l e v e l s  of  +5V * l V  w i t h ' a  sou rce  
impedance of 3K. Outputs  w i l l  
s i n k  a t  l e a s t  1 0  ma. These l i n e s  
may be modif ied t o  +1OV by 
removing i n t e r n a l  clamps. 

2 3 .  Power: 

PHYSICAL REQUIREMENTS 

24.  S i z e :  

115/23OVAC, 50/60 H Z , ,  150 VA 

19" wide x 24 l / 2 "  h i g h  x 10"  deep 

25. Mounting: S tandard  Retma Rack 

26. Weight : 70 l b s .  

2 7 .  F i n i s h :  

ENVIRONMENTAL 

28. Temperature:  
. *  

Charcoal  Gray 
FED STD 595-26440 

Opera t ing :  0°C t o  5 0 ° C  
Non-Operating: - 1 0 ° C  t o  65°C 

29. Humidity : 15% t o  95% non-condensing 

30. A l t i t u d e  : Opera t ing :  20,000 f t .  
Non-Operating: 4 0 , 0 0 0  f t .  

. .  
- _  

A-4.5.4 System Cost  

The p r i c e s  s t a t e d  h e r e  are based on t h e  vendor q u o t a t i o n s  r ece ived  
a t  t h e  time of  i n q u i r y  and a r e  provided only t o  show t h e  r e l a t i v e  
c o s t  o f  t h e  Date1 LPS-16 D i g i t a l  Data Logger System: 

$2,209 LPS-16-12B d a t a  logge r  
2,715 
1,039 Con t ro l  l o g i c  

I n s  t r umen t a t ion  amp 1 i f  i e r 

969 Clock 
138 1 2  Vo l t  power supply  
138 5 Vo l t  power supply 

1 7  C a l i b r a t i o n  c i r c u i t  -m 
One time hardware c o s t :  

$1,932 LPS-16R r e a d e r  
693 Reader t o  9 t r a c k  i n t e r f a c e  

6 ,786  9 t r a c k  t a p e  r eco rde r  
$9,4ii 



A-4.5.5 T o t a l  Recording Time C a l c u l a t i o n s  
Number of b i t s  p e r  s can :  

[ (15  i n p u t s )  x (12 b i t s / i n p u t )  + 1 2  b i t s  f o r  time] 
= 1 9 2  b i t s / s c a n  

/ 
Number of  s c a n s  p e r  t a p e :  

[ (2 ,000 ,000  b i t s / t a p e )  + (192 b i t s / s c a n ) ]  = 10,416 s c a n s / t a p e  

Number of hour s  p e r  t a p e :  

[ (10 ,416  s c a n s / t a p e )  x (10 seconds / scan ) ]  = 1 0 4 , 1 6 0  seconds / t ape  

[ (104,160 seconds / t ape )  f (3600 s e c o n d s / h o u r ) ]  = 28.9 hour s  

S u b s t r a c t  i n t e r r e c o r d  gap time t o  e s t a b l i s h  r e c o r d i n g  time: 

[28.9 hour s  - 1 . 9  hours  f o r  I R G ]  = 27 hour s  

Number of  15 hour  days:  

[ ( 2 7  hour s )  + (15 hour s /day ) ]  = 1 . 8  days .  

Less 1 0 %  due t o  v a r i o u s  r e a s o n s ,  

Dura t ion  approximate ly  1 . 7  days (15  hours /day)  

A-4.6 Metrodata/Casse t t e  Tape Sys tern 

General  D e s c r i p t i o n  
. __ A-4.6.1 

The Fletrodata  model DL620/Cassette Tape D i g i t a l  Data Logger System, 
as shown i n  F i g u r e  A.4-9,  i s  a complete  gwenty-one channel  dagaa. 
a c q u i s i t i o n  system which is  capable  of r e c o r d i n g  e i t h e r  ana log  
o r  d i g i t a l  d a t a .  
Real Time C locks ,  ana log  t o  d i g i t a l  c o n v e r t e r s  and power s u p p l i e s  
f o r  t h e  system o p e r a t i o n .  
i n  F igu re  A.4-10. 

T h i s  u n i t  u t i l i z e s  f r o n t  pane l  p r e s e t t a b l e  

A b lock  diagram o f  t h i s  system i s  shown 

M e t r o d a t a ' s  DL620 Data  A c q u i s i t i o n  System s o l v e s  t h e  problems encoun- 
t e r e d  w i t h  d a t a  a c q u i s i t i o n  and d a t a  r e d u c t i o n  u s i n g  s t r i p  c h a r t s  
and meters. 
format  even a t  remote s i t e s .  
M e t r o d a t a ' s  TR-625 Tape Reader ,  p e r m i t s  v i s u a l  d i s p l a y  o f  t h e  
d i g i t i z e d  d a t a  and d i r e c t  computer e n t r y  f o r  p r o c e s s i n g .  Reams 
of c h a r t  paper  are  e l i m i n a t e d ;  t h e  man-hours a s s o c i a t e d  w i t h  
removing t h e  d a t a  from t h e  s t r i p  c h a r t s  a re  e l i m i n a t e d ;  human 
e r r o r s  i n  i n t e r p o l a t i o n  of d a t a  are  e l i m i n a t e d .  They have been 
e l i m i n a t e d  by i n s t a n t l y  scanning axd d i g i t i z i n g  t h e  iiizoriiing 
ana log  d a t a  and r e c o r d i n g  them w i t h  t h e  t ime of day on magnet ic  
t a p e .  

Data can be recorded  i n  a computer compatible  
Playback of t h e  d a t a ,  u s i n g  
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Figure  A.4-9  Metrodata DL62U’h!odular Data Acqu i s i t i on  System 
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A - 4 . 6 . 2  System Components 

The Metrodata  DL620/Cassette Tape System used t o  perform t h e  
d a t a  management f u n c t i o n  f o r  t h e  s u n f a l l  monitor  w i l l  i n c l u d e  
t h e  fo l lowing  hardware: 

1. DL620 d a t a  logge r  

a.  PA-2 p r e a m p l i f i e r  c a r d s  

2. S c a l i n g  networks t o  d i v i d e  0 - 2 4 0  m i l l i v o l t s  and 
0 - 8 . 0  v o l t s  s enso r  o u t p u t s  t o  t h e  0 - 1 0 0  m i l l i -  
v o l t  range f o r  i n p u t  t o  t h e  DL620 d i g i t a l  d a t a  
l o g g e r .  

3 .  C a l i b r a t i o n  c i r c u i t  t o  p rov ide  50 m i l l i v o l t s  t o  
an unused channel  of  t h e  d a t a  l o g g e r .  Th i s  s i g n a l  

. w i l l  be recorded  and then  used by t h e  s o f t w a r e  as 
a s t a n d a r d  r e f e r e n c e  f o r  de te rmining  i f  a m u l t i p l y i n g  
f a c t o r  shou ld  be used t o  c o r r e c t  s u n f a l l  d a t a  due t o  
a ma l func t ion  i n  t h e  d a t a  management subsystem. 

4 .  Thermocouple r e f e r e n c e  j u n c t i o n  t o  p rov ide  a c c u r a t e  
r e a d i n g s  from thermocouples used i n  t h e  system. 

5 .  TR 625 t a p e  r e a d e r .  

6 .  DI502 c a s s e t t e  t o  9 t r a c k  i n t e r f a c e  c a r d .  - 

7. 

- _._. 

Cipher  lOObI -260  9 t r a c k  t a p e  r e c o r d e r .  -- 

A-4.6.3 System S p e c i f i c a t i o n s  

Metrodata  DL620 Data Logger: 

1. Number of Data 
Channels : 

2 1  Analog - Standard  - 
Expandable t o  7 2  analog-  channe l s  
i n  increments  of 2 4  u s i n g  t h e  
accesso ry  A X - 1 0  Analog Expansion 
Module 

2 .  I npu t  C h a r a c t e r i s t i c s :  
Voltage : 

3.  Impedance : 

4 .  Overvol tage  L i m i t :  

k 1 . 0  v o l t  f u l l  s c a l e ,  a l l  
channels  - s t a n d a r d  
210  v o l t s  f u l l  s c a l e ,  
a l l  channels  - o p t i o n a r  
+ l o  m i l l i v o l t s  2 1  v o l t  f u l l  
s c a l e  us ing  t h e  accesso ry  PA-2 . 
P r e a m p l i f i e r  w i t h  2 d a t a  channels  
p e r  module. 

i megohm - ( d i f f e r e n t i a l )  
1 megohm each t e r m i n a l  t o  ground 

+ l o  V o l t s  DC (wi thout  preamp). 

* 
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5 .  R e s o l u t i o n :  1 p a r t  i n  1 0 0 0  (0  t o  F u l l  S c a l e )  

6. Accuracy : + 0 . 1 %  + 1 / 2  L .S .B.  from 0' t o  40'C . - 

+ 1 . 0 %  + 1 / 2  L.S.B. when- u s i n g  
t h e  PA-2 P r e a m p l i f i e r  

7. Conversion T ime :  10 M i l l i s e c o n d s  

8. Data Scan Rate: ( S e l e c t a b l e  on o r d e r )  

RECORDING FORMAT: 

9. 

10.  

11. 

1 2 .  

13 .  

1 4 .  

15.  

- .  

16. 

17.  

18 .  

19 .  

Tape Code: 

Number of Tracks  : 

Packing Dens i ty :  

Data  Format:  

Channel Format: 

S ign  Code: 

Data Scan Sequence: 
(One Record) 

P a r i t y  Code: 

P a r i t y :  

Magnet ic  Tape 
C a r t r i d g e :  

Tape Data Capac i ty :  

BCD Complement 

4 

67 C h a r a c t e r / I n c h  - Standa rd  
200 C h a r a c t e r / I n c h  - Opt iona l  

4 B i t  P a r a l l e l  C h a r a c t e r  

S ign  C h a r a c t e r  and 3 BCD - 
C h a r a c t e r s  

P l u s  (+) C h a r a c t e r  = 10 
Minus ( - )  C h a r a c t e r  = 11 

Channel No. In fo rma t ion  C h a r a c t e r s  
8 1 6 2  ' T i m e  

3 - 20 Data 72  
21-120 Data 4/Channel 
(wi th  AX-10)  

1 
1 

P r e p a r i t y  
P a r i t y  

P r e p a r i t y  C h a r a c t e r  = 1 2  o r  1 3  
P a r i t y  C h a r a c t e r  =. Any number- 
excep t  0 

Long i tud ina l  Even 
. -  - 

Type C - 6 0 ,  Endless  Loop, 1 / 4  
x 1 2 O O t ,  L u b r i c a t e d  I n s t r u m e n t a t i o n  
Grade Tape w i t h  r e f l e c t i v e  BOT 
and EOT markers. 

200 C.P.1 
Continuous Mode - Approximately 
3 5 , 0 0 0  20 Channel r e c o r d s  
I n t e r m i t t e n t  4 Remote Modes - 
Approximately 1 4 , 4 0 0  Dual 20 
Channel r e c o r d s  (two complete  
r e c o r d s  a re  recorded  each scan 
cycle) 



20. 

21. 

22. 

23. 

24. 

25. 

26. 

2 7 .  

28. 

29. 

. -  

BOT/EOT Sensor 

Internal Clock: 

Accuracy : 

Time Record: 

67 C.P.1 
Continuous Mode - Approximately 
8,500 20 Channel records 
Intermittent 4 Remote Modes - 
Approximately 4,000 Dual 20 Channel 
records (two complete records 
are recorded each scan cycle) 

Photo Diode with front panel 
BOT/EOT indicator 

Crystal Controlled (1 MHz) 
Time Base 

+ 2  Seconds/Day 

Days, Hours, Minutes, seconds 
from OOO:OO:OO:OO to 999:23:59:59 
recorded each scan 

Data Display: 3 digit NIXIE indicators display 
data from the switch selected 
channel 

Data Polarity Display: Indicator Lamp ON when data is 
negative 

Temperature Range : 0" to 4OOC. 

Humidity Range : 0% to 98% Relative Humidity, 
Non-Condensing 

Altitude Range: 

Power Input: 

0 to 30,000 feet 

1 

Dimensions: 

Weight: 

117 VAC +lo%, 50-400 Hz, 35 watts 
whic': will be converted to 
11.5 to 14 VDC, Recording Mode - 
2.4 Amps, Standby Mode - 160 m.a. 
11.0" wide x 8.3" high x 11.1" deep 

18 pounds 



8 

I n p u t  Vo l t age  R 1  R2 

0 - 2 4 0  mV RN60D2431F RN60D1001F 

0 - 8.0 V RN60D8062F RN60D1001F 
. 

-- ---- 

Output Vol tage  

0 - 1 0 0  mV 

0 - 100 mV 

S c a l i n g  Networks: 
R 1  

e 
I n p u t  
from 
s e n s o r  

0 0 

o u t p u t  t o  
d a t a  
l o g g e r  

Cal i b r  a t i o n  C i r c u i t  : 

- 
I Y 0 

50 m i l l i v o l t  o u t p u t  
t o  unused channel  - R2 on d a t a  logge r  

B 1  - 
T 1.35v* 

- -  Par ts :  . . - J  

B 1  - lrlallory RF142R 

R 1  - R e s i s t o r  RN60D2742 

R 2  - R e s i s t o r  RN60D1001F 

H 1  - B a t t e r y  ho lde r  Caabioa 2870 

TB1  - Terminal s t r i p  - Jones  1 0 - 1 4 0  

* B a t t e r y  w i l l  be changed every  1 2  months. 

.)r 

A - 1 0 1  



Hy-Cal 205-T Thermocouple Reference J u n c t i o n :  _ _  - 

_. ~ _ _  1. Model 205-T 

2 .  Reference  Temperature:  150'F 

3 .  S t a b i l i t y :  20. l 0 C  

- _ .  

4 .  Ambient t empera tu re  A ( -30  t o  + 120'F): +0.2S°F 

5.  Power: 115 VAC a t  75 watts maximum 
- _ _ _ - _  - - __ - - - 

6.  I n p u t  t e r m i n a t i o n s  : screw t e r m i n a i s  
_-  - 

Output  t e r m i n a t i o n s  : MS3102A connec to r  
- 

7. 

8 .  Type T (ISA) 

9 .  Channels :  26 

- _ _  - 

__ - - - - -- - _ _  - 

10.  S i z e :  5 1 / 4 "  H x 1 7 "  W x 9" D ( r a c k  mount) _ -  

TR6 25 - 2 TaDe Reader : 

DATA FORMAT 

Tape - t o  -Tape Mode : 

1. Output  Format: 
B i t  A l l o c a t i o n  
1- 2 - 3 - 4 -5 - 6  ( 7 - 8 )  
9 
10 _ _ _ -  - 

2 .  I n p u t  Format: 

1 
. . _  B i t  A l l o c a t i o n  

3 .  1 / 2  Inch  Tape Format: 
C h a r a c t e r  - 

Block 

4 .  S i n g l e  Channel D i sp lay  

5 .  Power Inpu t  

1 0  B i t  p a r a l l e l  - 
Funct ion  
Data Bits (9 t r a k k )  
S tep /  Record Command 
I R G  Command _ -  - 

1 B i t  
Funct ion  
I R G  Complete 

8 B i t  EBCDIC (9 t r a c k )  

Block l e n g t h  can be a d j u s t e d  
from 1 c h a r a c t e r  t o  10,000 
c h a r a c t e r s  i n  s i n g l e  steps 
and 1 0 , 0 0 2  t o  2 0 , 0 0 0  c h a r a c t e r s  
i n  d u a l  c h a r a c t e r  s t e p s .  

3 d i g i t  d i s p l a y  ind ic ' a to r  f o r  
cont inuous  d i s p l a y  of  channe l s  
s e i e c t e d  by thumbwheei s e i e c t o r  
swi t ch  

115 VAC ? l o %  60 Hz,  30 wat ts  



6.  Dimensions 1 1 . 0 "  wide x 8.3" h i g h  x 11.1" deep 

7 .  Weight . 15 pounds 

8 .  Opera t ion  Temperature  0 t o  + 4 0 C  

9.  Opera t ion  Humidity 0 t o  95% r e l a t i v e  humidi ty ,  
non-condensing 

Cipher  Tape Recorder  100M-360: 

1. 

2 .  

3. 

4 .  

5 .  

6 .  

7 .  

8.  

9 .  

10.  

11. 

1 2 .  

13.  

14.  

15.  

16.  

17 .  

18.  

19.  

Reel s i z e  

Tape l e n g t h  

Rewind time 

Inc remen ta l  wire 

I n t e r  Record Gap Time 

Dens i ty  
\ 

Speed accuracy  . .  - 

B i t  spaci! :g  accuracy  
( u s i n g  i n t e r n a l  
o p t i c a l  encoder )  

F i l e  gap time 

Reel  Drive 

Capstan d r i v e  

Tape 

Format 

Local  Con t ro l  4 
I n d i c a t o r s  

Power 

Panel  h e i g h t  

Width 

uep L11 

Weight 

n - - A L  

1 0  1/2" 

2400' 

6 min 

0 -600  c h a r . / s e c .  

175 msec. (50 msec. o p t i o n a l )  

9 - t r a c k :  800 b p i  - 

%1% long term, 
?3% i n s t a n t a n e o u s  

+ 2 %  t y p i c a l  ( 2 4 %  wors t  case) 

250 msec. 

Reel Servos  .. . .. 

DC motor w i t h  v e l o c i t y  and 
p o s i t i o n  s e r v o  

1 / 2 1 t  wide,  1 . 5  m i l  t h i c k  

IBM compa t ib l e ,  9 - t r a c k ,  N R Z I  

Power On/Off, l o a d ,  ready ,  
f i l e  gap,  rewind - - 

_ .  

11SVAC 50-60 HZ 

24 1/2" 

19" 

80 l b s .  

A - l n ?  I 
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A-4.6.4 System Cost 

The p r i c e s  s t a t e d  h e r e  a r e  based on t h e  vendor q u o t a t i o n  r ece ived  
a t  t h e  time of  i n q u i r y  and a r e  provided only  t o  show t h e  r e l a t i v e  
c o s t  of t h e  Metrodata  DL620/Cassette Tape D i g i t a 1 , D a t a  Logger 
System. 

$5,886 DL620 Data Logger 
6 86 PA-2 P r e a m p l i f i e r  

2 7  C60 C a s s e t t e  Tape 
76 RM-8 Rack Mount 

. 1 7  C a l i b r a t i o n  C i r c u i t  
4 0 2  Thermocouple Reference J u n c t i o n  -v 

One T i m e  Hardware Cost :  

$3,733 TR625-2 TaDe Reader 
415 DI502 1nte;face Card 

5,817 Cipher  l O O M  - 360 
$9,965 

A-4.6.5 T o t a l  Recording T i m e  C a l c u l a t i o n s  

Assumptions: 

1. Data Dens i ty :  200 Charac t e r  p e r  i nch  

2 .  Tape Length: 

3. Tape Speed: 

1 2 0 0  fee t  = 14,400 inches  

1 / 2  i nch  p e r  second f o r  
2 4  channels  p e r  second 

4 .  Motor s t a r t / s t o p  time: 0 . 1 2  second - s t a r t  
0 .13 second - s t o p  

5 .  Scan Length: (16 channels / scan)  x 
(4 c h a r a c t e r / c h a n n e l )  + p a r i t y  
+ p r e p a r i t y  = 66 c h a r a c t e r s / s c a n  

Gap Length: 

Gap l e n g t h  r e s u l t s  from t a p e  movement whi le  t h e  motor is  
a c c e l e r a t i n g  and d e c e l l e r a t i n g  b e f o r e  and a f t e r  each  10 
seconds scan .  

S t a r t l S t o p  d i s t a n c e  = 0.125 inches  

= 0.33 inch  One scan  d i s t a n c e  = 66 c h a r a c t e r s  
f o r  16 channels  200 c h a r a c t e r s /  i nch  

T o t a l  d i s t a n c e / s c a n  = 0.125" + 0.33" = 0 . 4 6  i nch  

. f 

A-104 
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Average t a p e  speed  = 0.46 inch/ lO seconds = 0.046 inch/second.  

T h e r e f o r e ,  a t  2 4  channels / second r e c o r d i n g  ra te :  

X Dura t ion  = ( 1 4 , 4 0 0  i n c h e s )  
0 . 0 4 6  inch/second 

1 hour  
13600 (seconds)  

D u r a t i o n  = 86.95 hours  

For a 15 hour  r e c o r d i n g  day,  

D u r a t i o n  = 5.79 days (15 hours/day)  

Less 10% due t o  v a r i o u s  c a u s e s ,  

D u r a t i o n  = 5.21 days (15 hours/day)  

e 

5 0 5 f A - 1 0 6  
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B - 1  VENDOR EVALUATION 

T h i s  e v a l u a t i o n  a s s i g n s  w e i g h t i n g  f a c t o r s  t o  e s t a b l i s h  a v a l u e  
r e l a t i o n s h i p  between t h e  v a r i o u s  t r a c k e r  f e a t u r e s .  Each f e a t u r e  
i s  t h e n  graded  u s i n g  t h e  g r a d e  g u i d e l i n e  s h e e t  on page  B - 3 .  
The r e s u l t i n g  merit  t o t a l  t h u s  r e p r e s e n t s  an i m p a r t i a l  r a t i n g  
f o r  e a c h  d e v i c e  e v a l u a t e d .  

B-2 VENDOR SELECTION 

The s e a r c h  f o r  a s u i t a b l e  s u n f a l l  mon i to r  t r a c k e r  vendor  narrowed 
from a f i e l d  o f  30 t o  9 p o t e n t i a l l y  c a p a b l e  o r g a n i z a t i o n s .  
i n v e s t i g a t i o n  narrowed t h e  s e l e c t i o n  t o  4 f o r  t h e  f u l l y  a u t o m a t i c  
subsys tem,  and l e f t  o n l y  t h e  Eppley L a b o r a t o r y ,  I n c .  of  Newport, 
R .  I .  w i t h  a s e m i - a u t o m a t i c  d e v i c e  a v a i l a b l e  "of f  t h e  s h e l f  ." With 
t h e  f u l l y  a u t o m a t i c  t r a c k i n g  problem more c a r e f u l l y  d e f i n e d ,  
s e v e r a l  o f  t h e  9 s e l e c t e d  companies responded w i t h  a "no b id"  r e p l y .  
Two companies o f f e r e d  o n l y  a c a t a l o g  l i n e  o f  equipment  s u i t a b l e  
o n l y  f o r  u s e  i n  a p r o t e c t e d  envi ronment .  The f o u r  companies 
found c a p a b l e  of  s u p p l y i n g  a f u l l y  a u t o m a t i c  t r a c k i n g  subsys tem 
were e v a l u a t e d .  The f o u r  companies are:  

F u r t h e r  

Carson As t ronomica l  I n s t r u m e n t s ,  I n c . ,  V a l e n c i a ,  C a l i f .  

Perkin-Elme;,  B o l l e r  4 Chivens Div . ,  S. Pasadena ,  Cal i f .  

O w e n s - I l l i n o i s ,  Fecker  Systems Div . ,  P i t t s b u r g h ,  Penn. 

Ball  B r o t h e r s  Research  C o r p o r a t i o n ,  Bou lde r ,  Colorado  

The Carson  As t ronomica l  In s t rumen t  company i s  recommended a s  t h e  
most s u i t a b l e  s o u r c e  f o r  t h e  S u n f a l l  Monitor  f u l l y  a u t o m a t i c  s u n f a l l  
t r a c k e r  subsys tem.  



1. 

2.  

SUNFALL MONITOR TRACKER EVALUATION GRADE 

GUIDELINES - FULLY AUTOMATIC 

Two a x i s  d r i v e  - y e s  = 100 no - 0 

P o i n t i n g  Accuracy 

3 .  

15 30 
a r c  minutes  

Weight Car ry ing  Capac i ty  

4. 

5. 

6 .  

w t  l b s  
A l l  wea ther  c a p a b i l i t y  - y e s  = 100 no = 0 

Return  t o  East  - y e s  = 100 no = 0 

7 .  

8. 

9 .  

1 0 .  

11. 

1 2 .  

2 4 .6  8 10 
$ x 1000 

F ind  sun a f t e r  2 minute  power f a i l u r e  - yes  = 1 0 0  no = 0 

Find sun a f t e r  5 s u n l e s s  days - y e s  = 1 0 0  no = 0 

Reacqui re  sun w i t h i n  5 minutes  - y e s  = 1 0 0  no = 0 

30 day una t t ended  o p e r a t i o n  - y e s  = 1 0 0  no = 0 

D i f f i c u l t  t o  i n s t a l l  - y e s  = 0 no = 100 

D e l i v e r y  time - < 1 0  weeks = 100,  1 2  - 1 6  weeks = 85 
16 - 2 4  weeks = 7 0 ,  > 2 4  weeks = 0 

1 

B -  3 



. .L .* .. . . a  

C h a r a c t e r i s  t i c  

\ \ 'e ight  f a c t o r  

E v a l u a t .  Grade 

N e r i t  Value 

SUNFALL MONITOR TRACKER 

I 1 

1 2 3 4 7 8 i 
9 10 11 1 2  5 6  

t 
. 1 2  . 1 2  - 0 8  - 1 2  - 1 0  . l o  .06 .06 .06 .06  .06 .06 

1 0 0  1 0 0  1 0 0  1 0 0  1 0 0  

1 2  1 2  8 1 2  1 0  - 6 

Manufac turer :  Ball  B r o t h e r s  Research Corpora t ion  

1. 

2 .  

3 .  

4 .  

5. 

Two axis  d r i v e  - y e s  

P o i n t i n g  accuracy  - - + 1 arc  minute  

Weight c a r r y i n g  c a p a c i t y  - 
A l l  weather  c a p a b i l i t y  - y e s  

Return  t o  ea s t  - y e s  

50 pounds 

6 .  C o s t  - $14.4K 

7. 

8. 

9. 

1 0 .  

11. 

1 2 .  

Find sun  a f t e r  2 minute power f a i l u r e  - y e s  

Find sun a f t e r  5 s u n l e s s  days - yes 

Reacqui re  sun w i t h i n  5 minutes  - y e s  

30 day unat tended  o p e r a t i o n  - .yes 

D i f f i c u l t  t o  i n s t a l l  - no 

D e l i v e r y  time - 4 months 

188.2 

1 
F L'L LY AUTOMAT I C -. 

. .  
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I 

1. 2 3 4 5 

1 2  . 1 2  .08 . 1 2  . 1 0  

190 1 0 0  1 0 0  1 0 0  1 0 0  

1 2  1 2  8 1 2  1 0  

SUNFALL MONITOR TRACKER 

I 

6 7 8 9 1 0  11 1 2  I 
! 

. 1 0  . 0 6  . 0 6  .06 . 0 6  .06  .06 

_I---_ 70 I- 100 100 1100 1 0 0  I 1 0 0  , 7 0 1  

7 6 6 6 6 6 4 .2  I 

Manufacturer :  Carson Astronomical  Instrument  Co. 

Model: Mod 605 Mount 6 Mod 830 Guider 

1. 

2 .  

3. 

4 .  

5. 

6. 

7. 

8. 

9 .  

10. 

11. 

1 2 .  

Two ax i s  d r i v e  - yes  

P o i n t i n g  accuracy  - - + 30 arc  seconds 

Weight c a r r y i n g  c a p a c i t y  - 75 pounds 

A l l  weather  c a p a b i l i t y  - y e s  

Return t o  e a s t  - yes 

Cost - $7.9K 

Find sun a f t e r  2 minute power f a i l u r e  

Find sun a f t e r  5 s u n l e s s  days - yes  

Reacquire  sun w i t h i n  5 minutes  - yes  

30 day una t tended  o p e r a t i o n  - y e s  

D i f f i c u l t  t o  i n s t a l l  - no 

De l ive ry  time - 4 months 

C h a r a c t e r i s  t i c  

Weight f a c t  o r  

Eva lua t .  Grade 

Fle r i  t Value 

Merit T o t a l  

- yes  

- 
5. 
I 

-- FULLY AUTOhIATIC 

. .  
* 

'. 



- . . . .- .- .._ . . ... 

. .  -. . . . .  

I 
_ _  

' 2  - 3 4 5 6  

- 1 2  - 0 8  . 1 2  .10 

20 1 0 0  1 0 0  1 0 0  

2 . 4  8 1 2  I 1 0  
.- 

Manufac turer :  

t 

I 
_ _ _  - _ _ _  - - _ _ -  - - -  

7 -  8 9 1 0  11 12- 1 ---- _ _  - 

.10 .06 -06 .06 .06 .06 - 0 6 1  
I 

- 

0 1 0 0  1 0 0  1 0 0  1 0 0  0 100 

- 6 6 6 6 
- 

- 

1. 

2.  

3. 

4. 

5. 

6. 

7. 

0. 

9. 

1 0 .  

11. 

1 2 .  
. -  

SUNFALL MONITOR TRACKER 

O w e n s - I l l i n o i s  Fecker  Systems D i v i s i o n  

Two axis d r i v e  - y e s  

P o i n t i n g  accu racy  - + 20 arc  minutes  

Weight c a r r y i n g  c a p a c i t y  - 50 pounds 

. .  ._  

- 
-. 

A l l  wea the r  c a p a b i l i t y  - yes 

Re tu rn  t o  eas t  - y e s  

Cos t  - approximate ly  $62K 

Find  sun  a f t e r  2 minute  power f a i l u r e  - y e s  

F ind  s u n  a f t e r  5 s u n l e s s  days - yes ,  

R e a c q u i r e  sun  w i t h i n  5 minutes  - y e s  

30 day una t t ended  o p e r a t i o n  - y e s  

D i f f i c u l t  t o  i n s t a l l  - yes 

Delivery time - ? 

C h a r a c t e r i s  t i c  

We i g h t fac to  r 

E v a l u a t .  Grade 

Fle r i  t Value 

b Ie r i t  T o t a l  

FULLY AUTOMATIC -_ - 

. .  
B-6 . 



'SUNFALL MONITOR TRACKER 

Manufacturer:  Perkin-Elmer B o l l e r  & Chivens Div is ion  

t I 9 

1, 2 3 4 5 6 7  8 

. 1 2  . 1 2  e 0 8  . 1 2  .10 e 1 0  . 0 6  . 0 6  

1.0 0 90 1 0 0  1 0 0  100  70 1 0 0  100  

1 2  1 0 . 8  8 1 2  10  7 6 6 

- 

* 

1. 

2.  

3 .  

4 .  

9 1 0  11 1 2  

.06 . 06  .06 .-06) 

1 0 0  1 0 0  0 70 

6 6 - 4.2  

- 

0 

- .  

- 

5. 

6. 

7 .  

8. 

9. 

1 0 .  

11. 

1 2 .  

Two a x i s  d r i v e  - yes  

Po in t ing  accuracy - + 3 a r c  minutes 

Weight c a r r y i n g  capac i ty  - 50 pounds 

A l l  weather c a p a b i l i t y  - yes 

Return t o  e a s t  - yes  

- 

Cost - $ 1 1 K  

Find sun a f t e r  2 minute power f a i l u r e  - yes 

Find s u n  a f t e r  5 s u n l e s s  days - yes  

Reacquire sun wi th in  5 minutes - yes 

30 day unat tended ope ra t ion  - yes  

D i f f i c u l t  t o  i n s t a l l  - yes  

C h a r a c t e r i s t i c  

We i gh t - fac t  o r  

Eva1ua.t. Grade 

Mer i t  Value 

Mer i t  T o t a l  

Del ivery  t i m e  - 16 - 2 4  weeks 

FLYLLY AUTOMATIC -. 

. .  \ r  
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SECTION C-1 

SUMMARY 

The 
conv 
test 
cent 
sola 
the 
clas 
of t 
prio 

Sunfall Monitor detection/comparison 
'entional radiation measuring instrume 
modules for the evaluation of therma 
rator and solar cell samples. The f o  
r energy in tracking and non-tracking 
latter measure the usable energy when 
ses of  converter. Table~.1-1 gives 
hese instruments and test modules to 
r to calibration of an operatiq unit 

c- 2 

subsystem includes bo th  
nts and specially designed 
1 absorber, s o l a r  con- 
rmer measure available 
modes of operation while 
converted by the three 
the primary characteristics 
the extent they are known 

, 

* 


